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FEDERAL  AVIATION  ADMINISTRATION 
SYSTEMS  RESEARCH  AND  DEVELOPMENT  SERVICE 
SPECTRUM  MANAGEMENT  STAFF 


STATEMENT  OF  MISSION 

The  minion  of  the  Spectrum  Management  Staff  it  to  anist  the  Department  of  State, 
Office  of  Telecommunications  Policy,  and  the  Federal  Communications  Comminion  in 
assuring  the  FAA's  and  the  nation's  aviation  interests  with  sufficient  protected 
electromagnetic  telecommunications  resources  throughout  the  world  to  provide  for  the  safe 
conduct  of  aeronautical  flight  by  fostering  effective  and  efficient  use  of  a  natural 
resource-the  electromagnetic  radio-frequency  spectrum. 

This  objective  is  achieved  through  the  following  services: 

•  Planning  and  defending  the  acquisition  and  retention  of  sufficient  radio-frequency 
spectrum  to  support  the  aeronautical  interests  of  the  nation,  at  home  and  abroad,  and 
spectrum  standardization  for  the  world's  aviation  community. 

•  Providing  research,  analysis,  engineering,  and  evaluation  in  the  development  of 
spectrum  related  policy,  plaining,  standards,  criteria,  measurement  equipment,  and 
measurement  techniques. 

•  Conducting  ei&ctromagnetic  compatibility  analyses  to  determine  intra/inter-system 
viability  and  design  parameters,  to  assure  certification  of  adequate  spectrum  to  support 
system  operational  use  and  projected  growth  patterns,  to  defend  the  aeronautical 
servicer,  spectrum  from  encroachment  by  others,  and  to  provide  for  the  efficient  use  of 
the  aeronautical  spectrum. 

•  Developing  automated  frequency-selection  computer  programs/routines  to  provide 
frequency  planning,  frequency  assignment,  and  spectrum  analysis  capabilities  in  the 
spectrum  supporting  the  National  Airspace  System. 

•  Providing  spectrum  management  consultation,  assistance,  and  guidance  to  all  aviation 
interests,  users,  and  providers  of  equipment  and  services,  both  national  and 
international. 
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EXECUTIVE  SUMMARY 

The  Tima  Reference  Scanning  Beam  ( TRSB)  Microwave  ljanding  System  (MLS) 
with  Precision  Distance  Measuring  Equipment  (POME)  de% eloped  by  the  United 
States  Federal  Aviation  Administration  (FAA)  has  been  selected  by  the 
International  Civil  Aviation  Organization  (XCAO)  as  the  standardized, 
international,  non-visual,  precision  approach  and  landing  system.  This  system 
utilizes  two  frequency  bands;  C-Band  (5.00  -  A. 25  GHz)  for  the  200  angle- 
guidance  channels  and  L-Band  (960-1215  MHz)  for  the  200  range-guidance 
channels. 

For  an  operational  deployment  of  the  MLS  with  POME,  it  will  be  necessary 
to  assign  frequencies  to  each  C-Band  and  L-Band  function  at  the  participating 
airports  in  accordance  with  a  prescribed  channel  plan,  The  FAA  has  asked  the 
Electromagnetic  Compatibility  Analysis  Center  (ECAC)  to  develop  a  channel 
assignment  model  for  the  MLS.  One  of  the  necessary  inputs  for  developing  a 
channel  assignment  model  is  the  knowledge  of  the  intra/intersystem 
interference  thresholds  of  the  MLS/C-Band  and  I/-Band  equipment  as  well  as  the 
TACAN  and  DM^- equipment  that  operate  in  the  sane  portion  of  the  L-Band. 

Several  field  and  bench  tests  at  the  National  Aviation  Facilities 
Experimental  Center  (NAFEC)  are  planned  for  experimentally  determining  the 
interference  thresholds.  Meanwhile,  the  Federal  Aviation  Administration  has 
requested  that  the  Electromagnetic  Compatibility  Analysis  Center  analytically 
estimate  the  interference  thresholds  of  the  MLS  and  TACAN/DME  equipments  so 
that  an  initial  exercising  of  the  MLS  Channel  Assignment  model  can  be 
performed.  This  report  documents  the  analytical  estimation  of  those 
thresholds. 

In  the  MLS/C-Band  avionics  equipment,  the  quality  of  the  aircraft 
guidance  signal  in  the  presence  of  interference  is  expressed  in  terms  of  the 
Control  Motion  Noise  (CMN)  error  for  the  angle-processing  channel  and  the 
percentage  of  valid  decodes  in  the  preamble/data  channel.  Associated  error 
budgets  were  used  in  analytical  procedures  to  determine  the  interference 
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thresholds  for  various  MLS  configurations  for  the  cases  of  cochannel  and 
adjacent-channel  interference  at  function  level  and  system  level*  The 
constraining  threshold  values  were  selected  from  the  system  level  results  as 
inputs  for  exercising  the  channel  assignment  model.  The  desired-to-undesired 
Interference  threshold  values  were  used  in  conjunction  with  MLS  power  budgets, 
antenna  patterns  and  propagation  loss  predictions  to  determine  the  separation 
distance  required  between  the  C-Band  equipments  to  preclude  cochannel  and 
adjacent-channel  interference.  The  analysis  results  indicated  that  to 
preclude  adjacent  channel  interference,  the  undesired  MLS  signal  should  be 
assigned  at  least  the  second  adjacent  channel.  The  separation  distance 
requirement  to  preclude  cochannel  interference  ranged  from  82  nmi  to  193  nmi 
for  the  MLS  receiver  at  altitudes  of  2.1  kilofeet  to  20  kilofeet, 
respectively. 

Intra-and  inter-system  interactions  were  investigated  for  the  Ir-Band 
equipment  (POMS,  TACAN,  DME) .  The  interference  cases  were  categorized  as  four 
distinct  types  according  to  the  frequency  and  the  pulse-pair  spacing 
conditions  of  the  interference  source.  Determination  of  the  interference 
thresholds  was  baaed  on  one  or  more  factors  such  as  equipment  circuit 
characteristics,  previous  test  data  from  NAFSC,  equipment  performance 
standards  and  ZCAC  Annex  10  constraints.  The  separation  distance  requirements 
between  the  interacting  equipment  were  determined  on  the  basis  of  these 
thresholds.  The  interference  threshold  (desirud-to- undesired  signal  power 
ratio)  for  the  on-channel  interference  cases  ranged  from  8  dB  to  3  dB 
reflecting  the  characteristics  of  AGC  and  decoder  circuits  in  these 
equipment.  For  the  off-channel  interference  cases,  the  interference 
thresholds  varied  from  -25  dB  to  -75  dB  depending  on  the  rejection 
characteristics  of  the  RF/IF  and  Ferris-discrimlnator  circuits.  The 
constraining  interference  threshold  values  for  each  equipment  type  were 
identified  for  use  in  the  channel  assignment  model. 
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SECTION  1 
INTRODUCTION 


BACKGROUND 

The  Time'  Reference  Scanning  Beam  (TRSB)  Microwave  Landing  System  (MLS)  ie 
comprised  of  aeronautical  radionavigation  equipment  operating  in  C- Band  (5031 
to  5ngi  me,  200  channels),  the  U-Rand  equipment  provides  angle  guidance 
(i.e.,  azimuth  and  elevation  angles)  to  user  aircraft  along  with  basic  and 
auxiliary  data  such  as  runway  identification  and  runway  aite  conditions,  the 
ancle  functions  are  determined  by  the  Scanning  Beam  (SB)  technique  wherein  the 
time  interval  between  the  "To"  and  "Rro"  pulses  is  proportional  to  the  angular 
position  of  the  aircraft  with  respect  to  the  runway,  the  data  functions  are 
transmitted  to  all  aircraft  within  the  coverage  sector  using  differential- 
phase-shift-keying  (DPSK)  modulation,  the  angle  and  data  functions  are  $ime- 
multinlexed  as  independent  entities  such  that  a  single  receiver  channel  in  the 
aircraft  receiver  may  process  these  functions  in  any  sequence,  the  TRSB 
Microwave  Landing  System,  proposed  and  developed  by  the  FAA,  has  been  selected 
bv  the  International  Civil  Aviation  Organisation  (ICAO)  as  the  "standardised 
international,  non-visual,  prevision  appr  sch  and  landing  systems." 

To  meet  ranqe-accuracy  requirements  that  are  compatible  with  the  MLS 
angle-guidance  concept,  a  new  L-Rand  (960-1215  ms)  Precision  Distance 
Measuring  Equipment  (POME)  system  has  evolved.  The  PDME  system  is  similar  to 
existinq  conventional  DME  systems.  It  utilises  an  airborne  interrogator  and  a 
around  transponder,  which  interrogates  and  returns  pulse  pairs  to  determine  in 
the  aircraft,  the  slant  range  from  the  time  delay  between  the  interrogation 
anl  t'ie  receipt  of  replv.  Increased  accuracy  is  achieved  in  the  PDME  system 
by  utilising  a  faster  rise  time  on  the  leading  edge  of  the  first  pulse  of  the 
r>ulse  pair.  This  allows  a  better  definition  of  the  time  of  interrogation  and 
the  time  of  receipt  of  the  reply. 

It  has  been  proposed  r.hat  the  additional  channels  for  PDME  use  can  be 
best  realized  by  multiplexing  additional  pulse-pair  spacings  onto  the  L-Rand 
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f requencies  already  set  aside  for  TACAN  and  conventional  nME  use. 
Implementation  of  this  L-Band  POME  .concept  depends  heavily  on  the  rejection  by 
the  PDME  system  of  signals  with  undesired  pulse-pair  spacings  from  TACAN  and 
conventional  DME,  and  vice  versa. 

When  the  MLS  is  deployed  operationally#  it  will  be  necessary  to  assign 
frequencies  to  each  C-Band  and  L-Band  function  at  participating  airports#  in 
accordance  with  a  prescribed  channel  plan.  The  Federal  Aviation 
Administration  (FAA)  has  requested  that  the  Electromagnetic  Compatibility 
Analysis  Center  (ECAC)  develop  a  channel  assignment  model  for  the  MLS.  One  of 
the  necessary  inputs  for  developing  the  channel  assignment  model  is  a 
knowledge  of  the  interference  thresholds  of  the  MLS  C-Band  and  L-Rand 
equipment  as  well  as  the  L-Rand  TACAN  and  DME  equipment.  The  interference 
thresholds  are  normally  expressed  by  the  PAA  as  the  ratio  of  the  desired-to- 
undesired  (D/U)  signal  power  levels  for  various  cases  of  interference.  The 
eouipment  interactions  of  concern  are  intra-system  (MLS/C-Band  to  MLS/C-Band; 
pome  to  PDME;  TACAN/DME  to  TACAN/DME)  and  inter-system  (between  POME  and 
TACAN/DME) . 

Several  field  and  bench  tests:  at  the  National  Aviation  Facilities 
Pxnerimental  Center  ( NAFEC)  are  beinq  planned  for  experimentally  determining 
the  n/u  thresholds  for  the  equipment  interactions  mentioned  above.  The  output 
of  this  effort  will  he  available  at  a  later  date.  Meanwhile,  the  FAA  has 
reauested  that  ECAC  review  the  available  information  on  the  MLS  equipment, 
TACAN  and  DME  equinment  and  to  estimate  the  D/U  threshold  ratios  that  can  be 
used  for  a  preliminary  exercisinq  of  the  MLS  channel  assiqnment  model. 
Furthermore,  the  results  of  such  a  task  will  provide  valuable  insiqht  for 
comparison  and  summarization  of  the  measured  data  qathered  in  the  test 
'noqram. 

The  concept,  design  and  operational  details  of  the  C-Band  equipment  and 
the  L-Band  equipment  are  quite  different.  For  example,  in  the  C-Rand 
euuinment  the  anqle  information  is  derived  in  the  airborne  receiver  based  on 
illumination  from  the  ground  equipment.  The  L-Band  equipment  operates  on  a 
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closed-loop  basis  wherein  the  airborne  interrogator#  using  a  prescribed  signal 
format#  solicits  navigational  information  from  the  ground  transponder# 
Therefore#  the  details  of  the  interference  threshold  analysis  for  the  C-Band 
and  the  LrBand  equipment  are  different  and  these  are  described  in  two  parts. 


OBJECTIVE 


The  objective  of  this  task  was  to  analytically  estimate  the 
intra/intersystsm  D/U  interference  threshold  ratios  required  for  acceptable 
performance  of  the  MLS  angle-guidance  and  range-guidance  equipment  as  well  as 
for  representative  L-Band  TACAN  and  DME  equipment;. 

APPROACH 


Part  I.  ML8/C-Band  Equipment  Interactions 

The  purpose  of  a  landing  system  is  to  assist  a  pilot  and  his  aircraft  in 
the  effort  necessary  to  have  a  successful  touchdown  and  roll  out.  This  type 
of  performance  is  assured  by  keeping  the  aircraft  guidance  signal  within  the 
prescribed  error  budget. 

The  quality  of  the  aircraft  guidance  signal  provided  by  the  MLS/C-Band 
avionics  can  be  measured  in  terms  of  the  amount  of  Control  Motion  Noise  (CMN) 
present  in  the  guidance  signal. ^  The  CMN  error  is  a  relatively  high-frequency 
perturbation,  within  the  autopilot  bandwidth#  which  affects  the  aircraft’s 
attitude  and  induces  control  surface  and  column  motions  which  have  a  negative 
impact  on  pilot-acceptance  criteria.  Wie  total  QM  error  is  dependent  on 
inherent  system  errors  in  addition  tq  that  introduced  by  the  amount  of 
interference  present  in  the  receiver  Therefore,  the  CNN  error  budget  is  an 
essential  part  of  the  system  design  specifications. 


^Kelly,  R.J.,  Guidance  Accuracy  Considerations  for  the  Microwave  landing 
System,  Navigational  Journal  of  the  Institute  of  Navigation,  Vbi.  24, 
November  3,  1977. 
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In  addition  to  establishing  upper  bounds  on  the  CMN  errors  of  processed 
data,  lower  limits  have  been  set  on  the  amount  of  decoded  preamble/data  that 
is  required  for  minimum  system  operation*  Therefore,  the  successful 
decodeability  of  DPSK  preamble/data  is  also  part  of  the  system  design 
specifications*  The  lower  limit  of  decodeability  is  considered  to  be  72' .a 

For  the  Scanning  Beam  System,  separate  analytic  relationships  for 
cochannel  and  adjacent-channel  interference  were  used  in  this  analysis  to 
translate  the  maximum  allowable  CM)  errors  at  the  output  of  the  signal 
processor  into  minimum  D/U  thresholds  required  at  the  input  of  the  angle- 
guidance  receiver.  In  the  preamble/data  channel,  a  design-required  D/U  value 
necessary  for  the  phase-locked  loop  ensuring  72%  decodeabillty  was  used. 

In  the  angle  receiver,  the  adjacent-channel  interference  was  addressed  as 
four  separate  signal  interference  combinations!  undesired  scan-beam 
interfering  with  a  desired  scan-beami  undesired  scan-beam  interfering  with  a 
desired  preamble/data;  undesired  preamble/data  interfering  with  a  desired 
scan-beam;  and  undesired  preamble/data  interfering  with  a  desired 
preamble/data.  The  D/U  values  were  determined  at  the  function  level  which 
characterise  the  receiver  thresholds  at  the  receiver  input  terminals.  These 
results  along  with  the  differences  in  effective  isotropic  radiated  power 
between  the  MLS  Configuration/ Functions  were  used  to  determine  the  D/U  values 
at  the  system  level.  The  system  level  D/U  ratios  were  based  on  the  DPSK 
channel  as  a  common  reference  power  level.  The  most  constraining  D/U  value 
was  selected  from  among  the  system  level  results.  The  constraining  D/U  value 
in  conjunction  with  analysis  of  the  worst-case  geometry  of  MLS  equipment 
location  was  used  to  determine  the  channel  separation  criteria  in  the  adjacent 
bands. 


The  cochannel  interference  was  modeled  as  a  multipath  type  interference 

and  D/U  values  were  determined  at  the  system  level.  The  constraining  D/U 

/ 

value  along  with  the  predictions  of  the  Institute  of  Telecommunication 


aBendix  Letter  No.  MLS-ICAO-077,  dated  December  12,  1978. 
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Services*  (ITS)  propagation  loss  model  were  used  to  determine  the  distance 
separation  between  the  systems  required  to  preclude  interference. 


Part  II.  LrBand  Equipment  Interactions 


Xnte~-and  intra-equipment  interactions  were  investigated  For  the  PPMK, 
TACAN  and  DME  equipment.  Determining  the  interference  thresholds  was  based  on 
one  or  more  factors  such  as  equipment  circuit  characteristics#  test  data# 
equipment  performance  standards#  etc.  The  I/*Band  interference  cases  were 
categorised  as  four  distinct  types  according  to  tuning  and  aperture  conditions 
of  the  interference  source.  These  interference  categories  aret 


Category  It  Cofrequency/Coaperture. b  The  interference  threshold 
estimation  was  based  on  the  victim  receiver  automatic  gain  control  ( AGC) 
characteristics#  identification  function  thresholds#  interfering  couplet 
service  volume  geqmetry  and  effective  radiated  power  (ERP) . 


Category  2t  Cofrequency/Out-of- Aperture  Interference.  Thu  interference 
thresholds  were  based  on  decoder  characteristics.  Furthermore,  the  field  test 
data  was  used  whenever  availaole. 


Category  3t  Adjacent  Frequency/Coaperture.  The  interference  thresholds 
were  determined  from  the  characteristics  of  the  front-end  stages  ( IF  and 
Ferris-Discriminator  Stage) . 

Catergory  4:  Adjacent  Frequency/Out  of  Aperture.  The  interference 
thresholds  were  estimated  on  the  basis  of  front-end  stage  characteristics, 
along  with  the  decoder  characteristics. 


aThe  FAA  specially  requested  to  use  the  ITS  propagation  loss  model  in  this 
analysis. 

^Coaperature  refers  to  the  presence  of  an  undesired  signal  with  a  pulse- 
pair  spacing  falling  with  the  victim  receiver's  decoder  aperture  (time- 
domain  window). 
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Intra-PDMK  interactions  were  analyzed  based  on  the  equipment  circuit 
characteristics.  In  the  case  of  PDME  to  TACAN/DME  interactions,  previously 
collected  data  from  NAFEC  was  examined  and  appropriately  modified  for 
establishing  the  interference  thresholds.  For  intra-DME  and  ihter-TACAN/OME 
interactions,  analysis  was  performed  for  developing  adjacent-channel 
protection  criteria  based  on  emission  spectra  derived  frortt  ICAO  Annex  10 
spectral  constraints.2  Equipment  protection  rules  and  degradation  of  the 
identification  function  were  considered  in  determining  the  co-channel 
interference  thresholds.  •* 

The  results  of  the  aforementioned  analysis  were  summarized  in  terms  of 
equipment  type  and  D/U  thresholds.  Hie  separation  distance  requirements 
between  the  interacting  equipment  were  determined.  The  most  constraining  D/U 
ratios  for  each  equipment  type  were  identified  for  a  preliminary  exercise  of 
the  channel  assignment  model. 


Aeronautical  Telecommunications,  Annex  10,  Volume  1,  International 
Civil  Aviation  Organization,  July  1972. 
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SECTION  2 
ANALYSIS 

PART  It  MLS/C-WAND  EQUIPMENT  INTERACTIONS 

The  MLS/C- Band  signals  can  be  categorised  based  on  modulation  type,  as 
either  Scanninq  Beam  (SB)  pulsed  cw  signals  or  Preamble/Data  (PD)  DPSK 
signals.  In  the  airborne  MLS  receiver,  the  SB  modulation  is  handled  by  the 
anqle-processing  channel  providing  information  to  the  pilot/autopilot  about 
various  angle  functions.  As  noted  in  FIGURE  1,  the  key  circuits  in  the  angle- 
orocessinq  channel  include  a  beam  envelope  detector,  a  dwell  gate  processor 
and  a  data  smoothing  filter.  Radio  frequency  (RF)  interference  and  other 
sytems  aberrations  deqrade  the  timing  measurements  in  the  SB  channel  and  this 
effect  appears  as  an  error  signal,  called  Control  Motion  Noise  (CMN),  in  the 
aircraft  angle-guidance  data.  CMN  causes  undesired  perturbations  in  aircraft 
attitude  resulting  in  control  surface  and  column  motions. 

The  preamhle/data  siqnal  uses  a  differential-phase-shift  keying  (DPSK) 
modulation  and  is  handled  by  the  processing  channel  which  includes  a  phase- 
lockod  loop  and  bit  processing  circuits.  Interference  in  the  PD  channel  may 
prevent  the  phase-locked  loop  from  acquiring  lock,  or  if  acquired,  may  cause 
it  to  unlock.  Acquisition  and  decodability  of  the  desired-signal  are  affected 
by  this  phase- locked  loop  activity.  The  degradation  of  the  preamhle/data 
signal  can  take  the  form  of  missed  decodes  primarily  due  to  undesired  SB  or  PD 
siqnals.  A  more  detailed  system  description  for  the  MLS  angle-guidance 
equipment  is  presented  in  APPENDIX  A. 

The  MLS  anale  receiver  sperif ications  include  an  error  budget  for  CMN. 
This  error  can  be  due  to  RP  interference  or  due  to  system  aberrations.  'Wie 
CMN  error  due  to  RP  interference  can  be  related  to  the  desired-signal  (D)  and 
undesired  siqnal  (O)  fower  levels  for  both  the  adjacent-channel  and  cochannel 
interference  cases. 
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During  tb«  course  of  this  analysis  effort,  three  versions  of  MLS 
configurations  and  associated  CMN  error  budgets  remained  under 
consideration.  All  these  cases  were  analysed  for  determining  the  values  of 
Interference  threshold,  the  analysis  details  of  two  of  the  cases  are  given  in 
APPENDIX  B.  the  most  representative  case  discussed  in  this  Section  pertains 
to  full  capability  (PC)  and  minimum  capability  (MC)  MLS  configurations  with 
prescribed  Of!  error  budgets  due  to  RF  interference  and  system  aberrations. 
TABLE  1  lists  the  parameters  for. this  case. 


TABLE  1 

MLS  CONFIGURATIONS,  ANTENNA  REAMffiDTHS  (y) 
AND  CONTROL  MOTION  NOISE  (CMN)  ERROR  BUDGET 


Configuration 

Function 

Full  Capability 

Minimum  Capability 

t 

1* 

Azmimuth 

O.I.a  $  g.2°k 

CMN 

0.1*  &  0.2* 

T 

Elevation 

1* 

1« 

CNN 

0.1*  &  0.2* 

0.1»&  0.2° 

*CMN  budget  due  to  RF  interference 
hCMN  budget  due  to  system  aberrations 


The  analysis  procedure  for  determining  interference  thresholds  due  to 
adjacent-channel  interference  represents  a  more  general  case  of  analysis.  The 
procedure  for  analyzing  cochannel  interference  forms  a  subset  of  the  general 
case*  Therefore,  the  first  part  of  the  analysis  effort  determines 
interference  thresholds  due  to  adjacent-channel  interference. 
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Adjacent- Channel  Interference 


The  adjacent-channel  interference  is  addressed  as  four  types  of  signal 
interference  based  on  various  combinations  of  SB  and  PO  modulations.  The 
interactions  considered  are  interference  from  (a)  undesired  8B  vs  desired  SB 
( USB-vs-DgB) ,  (b)  undesired  FO  vs  desired  SB  ( Upo-vs-DSB) ,  (c)  undesired  SB  vs 
desired  PD  (us8"v*“DPD* '  (d)  undesired  PD  vs  desired  PI>  (UpD-vs-DpD) . 

Equation  1  below  (arranged  in  a  logarithmic  form)  can  be  used  to  determine  the 
ratio  of  desired  to  undesired  signals  (D/U)  at  the  receiver  processor  due  to 
interference  in  the  SB  channel.^  Equation  2,  an  augmentation  of  Equation  1. 
provides  the  D/U  ratio  at  the  receiver  input  terminals  at  function  level. 

That  is, 


ID/U]  - 

P 

10  log 

lD/uW 

ro/uip 

where 


(1) 

(2) 


( D/U)  p  “ 
(D/U) FAl  « 


AO  * 
T  = 


D 


R 


peak  desired-to-average  undesired  signal  power 
ratio  at  the  processor  in  the  SB  channel,  in  dB 
peak  desired-to-average  undesired  signal  power  ratio  <»t 
the  receiver  input  terminals  for  the  SB  channel,  in  dB, 
at  function  level 

CMN  error  budget,  in  degrees,  due  to  RF  interference 
antenna  3  dB  beamwidth  of  the  desired  guidance  function, 
in  degrees  < 

data  rate,  13.5  Hz  for  azimuth  function  and  40.5  Hz  for 
elevation  function 

smoothing  filter  3-dB  bandwidth,  2.5  Hz 
video  3  dB  bandwidth,  26  kHz 


3HX,S  Signal  Format  and  System  Level  Functional  Requirements, ,  FAA-ER-700- 
08C,  May  10,  1979,  p.  146 
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BWj  *»  IF  bandwidth,  150  kHz 

AR  *  adjacent-channel  rejection,  in  dB.  The  rejection  is  due 
to  RF/IF  stages  only. 

the  D/U  equation  for  determining  acceptable  levels  of  interference  in  the 
preamble/data  channel  is  given  ast 


(D/U) 


PDi 


tD/O] 


PLL 


•  Ac 


(3) 


where 


(D/UJ 


tD/Ul 


PDi 


PLL 


peak  desired-to-average  undesired  signal  power  ratio 
at  the  receivor  input  terminals  for  the  PD  channel,  in  dB, 
at  function  level 

pea*  desired-to-average  undesired  signal  power  at  the 
phase-locked  loop  for  successful  acquisition  of  the 
desired  signal,  7  dB  and  ensuring  at  least  72% 
decodeability. 


The  adjacent-channel  rejection  factor  depends  mainly  on  the  emission 
spectrum  froai  the  undesired  signal  source,  the  victim  receiver's  selectivity 
and  the  type  of  interaction  (i.e.,  SB  or  PD) .  The  curves  of  adjacent-channel 
rejection  are  shown  in  FIGURES  2  and  3*  for  both  modulation  types  and  are 
based  on  field  test  data  from  the  Bendix  Oo.  The  theoretical  SB  emission 
spectrum  from  a  phased-array  antenna  is  shown  in  FIGURE  4.  The  phased-array 
antenna  was  considered  in  this  analysis  rather  than  the  lens-type,  because 
noise  from  such  an  antenna  spills  into  several  adjacent  channels.  The  noise 
is  due  to  the  phase-switching  action  in  the  beam-steering  mechanism.  TABLE  2 
lists  the  rejection  factors  for  each  type  of  interaction. 


aRecent  measurements  on  the  current  MLS  angle  receiver  at  NAFEC  indicate  that 
rejection  factors  for  the  undesired  preamble/ data  signal  are  -28  dB,  -32.5  dB 
and  -38  dB  for  the  first,  second  and  third  adjacent  channels  respectively. 

The  present  analysis  does  not  address  this  data.  However,  this  data  does  not 
impact  the  main  results  of  the  analysis  (See  Figure  41) . 
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Notes : 

(a)  This  curve  is  based  on  Field  test  data  from  Bendix  Co. ;  Internal 
Memorandum  No.  MLS-ICAO-077 ,  December,  1978. 

(b)  The  adjacent  channel  power  is  'average'  power  relative  to  'peak' 
on  channel  power  on  a  long  duration  basis. 

(c)  Phased  array  antenna  was  used  in  the  ground  equipment;  Prototype 
MLS  Bendix  receiver,  (IF  bandwidth  of  150  kHz),  was  used  for  the 
adjacent-channel  interference  measurements. 


FIGURE  2.  SCANNING  BEAM  SIGNAL  LEVEL  IN  ADJACENT  CHANNELS 
OF  ANGLE  GUIDANCE  RECEIVER. 
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CHANNEL  NUMBERS  IN  XX)  kHz  INCREMENTS 


Notes: 

(a)  This  curve  is  based  on  Field  test  data  from  Bendix  Co. ;  Internal 
Memorandum  No.  MLS-ICAO-077 ,  December,  1978. 

(b)  The  adjacent  channel  power  is  'average'  power  relative  to  'peak' 
on  channel  power. 

(c)  Measurements  are  referred  at  the  IF  circuit  output  using  a  proto¬ 
type  MLS  Bendix  receiver. 


FIGURE  3.  PREAMBLE/DATA  EFFECTIVE  SIGNAL  LEVEL  IN  ADJACENT 
CHANNELS  OF  ANGLE  GUIDANCE  RECEIVER. 
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FIGURE  4.  SCAN-BEAM  EQUIPMENT  OUTPUT.  (FREQUENCY  DOMAIN  DATA) 
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The  CMN  error  budget  data  in  TABLE  1  represents  the  maximum  allowed  error 
due  to  RF  interference  and  due  to  system  aberrations,  respectively.  The  error 
budget  due  to  RE  interference  was  used  with  Equations  1  and  2  for  calculating 
the  function  level  D/U  ratios  at  various  stages  (e.g.  FIGURE  1,  terminals  1,2 
and  1)  in  the  receiver.  The  D/U  values  at  the  receiver  input  terminals  are 
summarized  in  TABLE  1.  It  may  be  noted  that  the  function  level  D/U  values 
(TARLE  3)  characterize  the  receiver  thresholds  based  on  prescribed  error 
budgets  and  these  ratios  do  not  take  into  account  the  ground  equipment 
parameters  at  an  overall  system  basis  comprising  multiple 
conf igurations/f unct ions . 


The  D/U  values  at  the  system  level  consider,  in  addition,  the  differences 
in  Effective  Isotropic  Radiated  Power  (AEIRP)  between  the  receiver  guidance 
functions  (i.e.,  SB,  PD)  for  the  interactions  betwen  the  MLS  conf igurations. 
The  AEIRP  values  used  in  analysis  are  shown  in  TARLE  4. 

The  n/u  ratios  at  the  system  level  are  determined  from  the  equation: 


[D/U]si  -  [D/U]pi+X 


where 


(4) 


:o/u)8i 

(D/U]pl 

X 


system  level  D/U  ratio  at  the  receiver  input  terminals, 
in  dB 

function  level  D/U  ratios  (i.e.  (0/U)FA^  *  [D/U)Fp^)  at 
the  receiver  input  terminals,  in  dB 
adjustment  factor,  i«*  dB. 


The  adjustment  *actor  (X)  depends  on  the  type  of  interaction  between  MLS 
conf iguratton/function,  AEIRP  values  and  the  reference  base  chosen  for  the  D/U 
ratios.  In  this  analysis,  the  PD  channel  was  chosen  as  the  teference  base. 

The  constraining  interference  threshold  selected  on  the  common  reference  base 
ensures  interference  protection  for  all  interacting  combinations  of  MLS 
configurations/functions.  The  graphical  analysis  was  performed  to  determine 
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the  adjustment  factor  (X)  for  all  cases  of  MLS  confiqurations/f unctions  and 
the  results  are  summarized  in  TABLE  5.  The  function  level  D/U  values  (TABT.F 
1),  the  adjustment  factors  X  (TABLE  5)  alonq  with  Equation  4  were  used  in 
determinina  the  system  level  D/U  ratios  and  the  results  are  listed  in  TABLE 
fi.  An  example  follows  illustrating  the  procedure  for  determining  system  level 
B/n  ratios. 


TABLE  4 

AEIRP  VALUES  FOR  MLS  CONFIGURATIONS/FUNCTIONS 


Functions 

AEIRP  (dB) 

Configurations 

SB  vs 

PD 

PD  va  SB 

Full  capability 

17 

-17 

Minimum 

Capability 

7 

-7 

The  results  of  TABLE  6  were  used  to  determine  the  constraining 
interference  thresholds  (n/M  ratios)  at.  >  V  system  level.  TABLE  7  li~ts  these 
ratios.  At  the  system  level,  th>  t»r«»amhle/tv*ta  Channel  is  therefore  more 
susceptible  to  interference.  Overall,  the  constraining  interference  occurs 
from  a  Full  Capability  Scan  Roaa  .‘gal jwent  (as  an  interferer)  to  the 
Preamble/Data  channel  in  victim  re« :e  i  ve r ,  The  corresponding  most  constraining 
0/U  ratio  is  -21.0  dB. 

Graphical  Format  of  Analysis: 

The  CW  error  budgets  specified  separately  in  TABLE  1  are  due  t  >  rf 
t  i  i*,-L>.vnoe  and  system  aberrations.  Since  these  errors  are  considerel  i.  >  b.* 
independent  variables,  the  total  error  can  be  obtained  by  the  to  >t --.u n-uquare 
method  as  shown  in  Equation  5: 

=  ((AO) 7  +  (AOg)2)1^  <M 
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where 

*  total  CMN  value  in  the  SB  channel  processor*  in  degrees 
AQ  «  CMN  due  to  RF  interference*  in  degrees 
A0g  «  CMN  due  to  system  aberrations*  in  degrees* 

The  maximum  value  of  AG^  is  0*224*  based  on  Equation  5  and  TABLE  1  data. 


TABLE  7 

CONSTRAINING  INTERFERENCE  THRESHOLDS  AT  SYSTEM  LEVEL 
FOR  THE  FIRST  ADJACENT  CHANNEL 


Interacting  MLS 
Equipment 

Interacting 

Functions 

_ 

Const! mining 
D/U(dB) 

Undesired  Full 
Capability  vs 
Desired  Full 
Capability 

5 

» 

_ 

-21.0 

Undesired  Full 
Capability  vs 
Desired  Minimum 
Capability 

USB  vs  °PD 

-21.0 

Undesired  Mini¬ 
mum  Capability 
vs  Desired  Full 
Capability 

°PD  VS  °PD 

-24.0 

Undesired  Mini¬ 
mum  Capabiity 
vs  Desired  Mini¬ 
mum  Capability 

UpD  VS  Dpjj 

-24.0 

The  AQ  term  can  be  related  to  the 
below: 


(D/U)p  ratio  (see  Equation  1)  as  shown 


A9 


2 


0.5 


Ant[1/10(D/U)  ] 
P 


(6) 


t 
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Therefore,  A0T  can  be  related  to  [D/U]pAi  (at  receiver  input  terminals) 
using  Equations  8,  6  and  2;  that  is, 

lv2 


A0_ 


BW, 


(A0S  '  + 


Ant  r 1/10  ( (D 

W  10 10’  ♦  *4' 

i  Dr 

L  } 

BW. 

i 

(7) 


Curves  of  A0T  vs  [D/U] are  shown  in  FIGURES  5  to  8  for  the  cases  of  full 
capability  (¥  *  1*)  and  minimum  capability  (t  ■  3*)  MLS  configurations. 


Hie  plots  of  FIGURES  5  to  8  can  prove  useful  for  interpreting  the  impact 
of  RF  interference  and  system  aberration  on  the  total  CMN  error.  A  few 
salient  features  of  these  plots  are  enumerated  as  follows. 

These  figures  can  be  used  to  provide  an  understanding  of  the  variation  of 
total  CMN  error  with  changes  in  the  ratio  of  desired  to  undesired  signal 
power.  It  can  be  seen  that  beyond  a  certain  DA)  value  (e.q.  DA)  »  -2  dB  in 
FIGURE  5)  the  contr.*  but  ion  to  total  CMN  error  due  to  RF  interference  is 
minimal.  However,  r  low  values  of  DA)  (e.q.  DAJ  ■  -10  dB  in  FIGURE  5  for 
curve  b),  the  contribution  to  CMN  error  from  RF  interference  becomes 
significant.  These  curves  also  car  be  used  to  determine  interference 
thresholds  (e.g.  DA)  »  -19,6  dB  at  the  intersection  of  curves  b  and  c  in 
FIGURE  5)  at  the  function  level  referenced  to  the  receiver  input  terminals. 
The  bound  on  DA)  values  at  the  receiver  terminals  is  based  on  a  single  scan 
acquisition  criterion  (i.e,,  DA)  *  14  dB  at  the  signal  processing  stage;)  and 
is  also  shown  in  the  FIGURES  5  to  8,  It  may  be  noted  that  for  the  case  of  a 
^11  Capability  MLS  Configuration,  the  hounds  on  DA)  values  based  on  the 
single  scan  acquisition  criterion  are  more  pessimistic  (e.g.  from  4  to  9  dB, 
in  figures  7  and  8)  as  compared  to  the  DA)  values  calculated  from  the 
prescribed  CMN  error  budget  from  TABLE  1. 

Oochannel  Interference 


The  most  severe  case  of  cochannel  interference  would  occur  when  both  the 
desired  and  undesired  signal  functions  are  nearly  time-coincident  as  shown  in 
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FIGURE  5.  ADJACENT -CHANNEL  INTERFERENCE t  MI MI MUM  CAPABILITY  CONFIGURATION 
AZIMUTH  FUNCTION t  AC  VERSUS  (O/U)  ,  . 
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FIGURE  9.  This  type  of  Interference  situation  Is  similar  to  multipath-type 
interference  and  will  result  in  angle  measurement  errors.  This  approach  was 
used  In  determining  interference  thresholds  for  the  cochannel  case.  The 
equation  relating  the  interference  threshold  with  angle  measurement  error  (AO) 
is  approximately  expressed  ass* 

[D/W  «  20  log  ljg-1  -  6  dB  (8) 

where 

(0/U]CF  »  interference  threshold  at  the  receiver  input  terminals 
for  cochannel  interference,  in  dB,  at  function  level. 

The  CMN  error  (AO)  data  due  to  RF  interference  is  given  in  TABLE  1.  the 
antenna  beamwidths  (Y)  are  3*  and  1*,  respectively  for  the  Minimun  Capability 
and  Full  Capability  MLS  configurations.  Ibis  data  along  with  Aquation  B  was 
used  in  determining  the  interference  thresholds  at  the  function  level  and  the 
results  are  listed  TABLE  8. 


TABLE  8 


COCHANNEL  INTERFERENCE  THRESHOLDS  AT  FUNCTION  LEVEL 


Desired  MLS  Configuration 

tD/01 cr(dB) 

Full  Capability 

Minimum  Capability 

14.0 

23.5 

The  interference  thresholds  at  system  level  (D/Ulca  can  be  determined  by 
the  equation: 

(D/U5cs  *  (D/U]cF  +  Y  (9) 


aRe fer  to  APPENDIX  C„ 
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|  Y  ■  adjustment  factor,  in  dB. 

The  adjustment  factor  (Y)  depends  on  the  interacting  MLS  Configurations,  AEIRP 
values  and  the  reference  base  chosen  for  the  D/u  ratios.  The  graphical 
analysis  for  determining  Y  was  performed  for  all  cases  of  MLS  configurations 
and  the  results  are  listed  in  TABLE  9. 

TABLE  9 


ADJUSTMENT  FACTOR  (Y)  FOR  TRANSFORMING  CO-CHANNEL 
FUNCTION  LEVEL  0/U  RATIOS  TO  SYSTEM  LEVEL  D/U  RATIOS 


Desired 

MLS  Configuration 

Undesired 

MLS  Configuration 

Y  (dB) 

Full  capability 

Full  capability 

0 

Full  capability 

Minimum  capability 

10 

Minimum  capability 

Full  capability 

-10 

Minimum  capability 

Minimum  capability 

0 

The  data  of  TABLES  fl  and  9  was  used  in  Equation  9  for  determining  the  D/U 
values  at  system  level  and  the  results  are  listed  in  TABLE  10.  Hie  results 
Jr.dioate  that  at  the  system  level  the  constraining  cases  of  interference  occur 
when  the  minimum  capability  configuration  is  the  interferer.  Hie  most 
constraining  D/U  ratio  Is  24  dB  and  it  occurs  for  the  interaction  between  the 
undesired  minimum  capability  and  desired  full  capability  MLS  configurations. 


Graphical  Format  of  Analysis!  Hie  variation  of  total  CMN  error  (AQj.)  with  D/U 
values  was  examined  fo1.;  the  cochannel  interference  case  by  plotting  the 
equation: 


[D/U] 


ci 


+  AO 

s 


1/4 


2 


(10) 
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Equation  10  was  derived  from  Equations  8  and  5.  The  plots  of  Equation  10  for 
the  Minimum  Capability  and  Pull  Capability  MLS  configurations  are  shown  in 
FIGURES  10  and  11,  respectively.  These  curves  can  be  used  for  interpreting 
the  impact  of  RF  interference  and  system  aberrations  on  the  total  (XN  error 

trends. 


TABLE  10 

cochannrl  interference  thresholds  at  system  level 


Interacting  MLS 

Configurations 

Interference 
Threshholds 
D/U  (dB) 

M) 

Undesired  Full  Capability 

vs 

Desired  Full  Capability 

14 

(2) 

Undesired  Full  Capability 

vs 

Desirad  Minimun  Capability 

13.5 

(3) 

Undesired  Minimum  Capability 

vs 

Desired  Full  Capability 

24 

(4) 

Ur.desired  Minimum  Capability 

vs 

Desired  Minlmun  Capability 

23.5 

■’’bis  section  addressed  the  interference  threshold  analysis  between  MLS 
co" * iaurat ions/functions  for  the  cochannel  and  adjacent  bands.  Section  3  of 
this  report  summarizes  the  overall  results  of  this  analysis  along  with  the 
interpretations.  These  interpretations  lead  to  channel  separation  criteria 
eor  the  adjacent-band  interference  and  required  separation  distance  for  the 
coohannel  interference.  The  constraints  on  these  results  are  also  mentioned 
therein. 

P5RT  2;  L-BAND  EQUIPMENT  INTERACTIONS 


From  the  channel  assignment  viewpoint,  the  parameters  associated  with 
intra-svstem  and  the  inter-system  interference  in  the  L-Band  equipment  include 
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the  signal  format,  the  frequency  separation  of  the  desired  and  undesired 
signals,  pulse-pair  spacing,  signal  amplitude  and  signal  pulse  pair  repetition 
f-e^ueney  (PPPF).  Based  on  these  variables,  potential  interference  can  be 
represented  in  four  categories.  TABLE  11  shows  these  categories  of 
interference  and  the  related  victim  receiver  circuit' response  most  likely  to 
reduce  the  effect  of  that  interference.  The  characteristics  of  these  key 
receiver  circuits  formed  the  basis  of  the  D/U  estimation  for  most  of  the 
interactions  that  were  investigated.  The  identification  of  key  circuits  led 
to  a  simplified  block  diagram  (FIGURE  12)  that  is  representative  of  the  L-Rand 
avionics  receivers  of  concern.  The  overall  description  of  L-Band  equipment 
( TACAM/DMF/PDve )*  tg  given  in  APPENDIX  C. 


TARLE  11 


INTERFERENCE  CATEGORIES  FOR  D/U  ESTIMATION 


Category 

• 

Interference 

Description 

Circuit/Response  for 

D/U  Estimation 

Primary 

Secondary 

1 

Co frequency/ 

AGO 

& On-Tune 

Coaperture 

Rejection  'OTR) 

0 

Cofrequency/ 

Decoder 

OTR 

1 

Out-of-Aperture 

1  1 

Adjacent  Frequency/ 

Ferris 

aFrequency- 

( 

Coaperture 

Discriminator 

Dependent 

Rejection  (FDR) 

4 

Adjacent  Frequency/ 

Ferris 

Decoder/FDR 

Out-of-Aperture 

Discriminator 

aSee  APPENDIX  E. 


In  an  additional  analysis  in  this  section,  the  standard  system 
(TACAN/DME/PDME)  parameters  such  as  effective  radiated  power,  service  volume 
neometry  and  power  density  (TABLE  12)  were  examined.  These  parameters  in 


aTn  this  report,  ie  term  DME  is  used  to  denote  existing  conventional  DME 
(e.a.,  ILS  -DME)aS  opposed  to  PDME  or  TACAN. 
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conjunction  with  propagation  loss  predictions  from  the  ITS  propagation  model,4 
were  used  to  relate  the  determined  D/U  ratios  with  the  minimum  separation 
distance  requirements  between  the  interacting  systems.  This  separation 
distance  between  the  transponders  was  interpreted  in  terms  of  desired-system 
service  volume  radius  and  the  distance  to  the  interferer  location  from  the 
edge  of  that  service  volume.  This  analysis  employs  a  95%  time  availability 
factor  concerning  the  D/U  ratio  at  the  avionics  receiver.  A  brief  discussion 
of  transponder  interference  thresholds  is  given  in  APPENDIX  F. 

The  various  intra-system  and  inter-system  interactions  investigated  for 
L-Band  equipment  are  listed  below: 

1 .  PDME- to-PDME 

2.  PDME-to-DME 

3.  PDME-to-TACAN 

4.  TACAN/DME- to-PDME 

5.  TACAN-to-TACAN 

6.  DME-tO-DME 

7.  TACAN-to-DME  and  vice  versa. 

INTRA-SYSTEM  PDME  INTERACTION 


The  PDME  avior.ics  equipment  operates  in  the  'precision  mode'  or  in  the 
'enro'vta  mode.'  The  'precision  mode'  is  expected  to  cone  into  operation  when 
the  aircraft  is  within  5  miles  of  the  landing  facility.  It  is  characterized 
by  a  .ower  value  of  the  receiver  front-end  sensitivity  {-74  dBm),*  using  wide 
bandwidth  (3.5  MHz)  IF  stage  and  Ferris  Discirminator  circuits  and  a  threshold 
level  of  -20  dB  in  tie  delay  and  comparison  circuits.  The  lower  threshold 
level  and  wider  oandwidth  enables  one  to  determine  range  information  with 
better  precision.  By  comparison,  the  'enroute  mode'  extends  from  the  edge  of 


4Gierhart,  G.D.  &  Johnson,  M.E.,  Propagation  and  Interference  Analysis 
Computer  Program  (0.1  to  20  GHz)  Application  Guide,  FAA-RD-77-60,  ITS, 
Boulder,  Colorado,  March  1978. 

5Weber,  C.,  Data  Sheets,  Bendix  Avionics  Division,  Fbrt  Lauderdale,  Florida, 
June  1^79. 
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the  service  volume  to  the  5  mile  limit.  For  this  mode,  the  receiver  front-end 
sensitivity  is  -83  dBm  (Reference  5) ,  a  narrow  bandwidth  of  350  kHz  and  the 
threshold  level  is  -6  dB.  The  Ferris  Discriminator  circuit  is  not  used.  The 
tolerance  on  range  determination  is  larger  for  this  mode.  These  modes  use  the 
same  key  circuits  identified  in  the  receiver  block  diagram  of  FIGURE  12. 
Therefore,  the  D/U  estimates  will  be  comparable  for  the  two  modes. 

The  Bendix  Co.  provided  the  measured  characteristics  of  the  key  circuits 
that  were  used  in  determining  interference  thresholds  for  the  PDME  avionics. 

In  the  circuit  measurements,  the  changes  in  AGC  voltage  due  to  interference 
were  measured,  In  addition,  the  leakage  of  interference  decodes  into  the 
ranging  circuit  was  monitored  by  a  pulse-counting  technique  and  was  expressed 
as  a  confidence  factor.*  A  high  confidence  factor  indicates  a  negligible 
leakage  into  the  ranging  circuit.  The  occurrence  of  signal  break-lock  was 
also  monitored  and  it  occurred  whan  the  confidence  factor  fell  off.  The 
dynamic  range  of  the  PDME  was  measured  to  be  at  least  75  dB  based  on  linear 
portion  of  the  AGC  voltage  measurements. 

These  measurements  were,  in  general,  based  on  allowing  the  desired  signal 
(set  at  12  us  pulse  pair  spacing)  to  acquire  lock  of  the  receiver.  The 
undesired  signal  (12  us  or  18  us  depending  on  the  category  of  inte  Jerence) 
was  injected  into  the  receiver  and  its  effect  was  monitored.  The  intent  of 
these  measurements  was  to  get  an  estimate  of  the  key  circuits  characteristics. 

Category  1  Interference:  If  the  interference  is  able  to  pass  through  the 
front-end  stages  (i.e.,  RF  and  IF  stages),  the  Ferris  Discriminator  and  the 
iecoder  circuits.  It  may  capture/ modify  the  AGC  voltage  in  addition  to 
affecting  the  range-locking  circuit.  Category  1  interference  (cofrequency  and 
coapertenre)  penetrates  these  circuits  and  the  consequent  changes  in  AGC 
voltage  and  confidence  factor  supplied  by  Bendix  are  plotted  in  FIGURES  13  and 
14  for  the  precision  and  enroute  modes,  respectively.  The  probe  pair 
repetition  frequency  (PPRF)  of  1000  represents  an  intermediate  value.  With 
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FIGURE  13.  PDME  (PRECISION  MODE)  AGC  VOLTAGE  AND  CONFIDENCE 
FACTOR  VERSUS  CATEGORY  1  INTERFERENCE  SIGNAL. 


FIGURE  ia.  PDME  (ENROUTE  MODE)  AGC  VOLTAGE  AND  CONFIDENCE 
FACTOR  VERSUS  CATEGORY  1  INTERFERENCE  SIGNAL. 
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hicher  PPRF  (eg.  5000).  a  waller  level  of  interference  signal  will  capture 
AGC  and  cause  break  lock. 

The  data  of  FIGURES  13  and  14  need  proper  interpretation  regarding  D/U 
value  necessary  to  preclude  Category  1  interference  in  the  frequency 
assignment  process,  because  a  receiver  cannot  distinguish  between  which 
signal  is  the  desired  or  the  undasired,  the  Rendix  data  sVtows  that  the 
avionics  receiver  would  always  capture  the  stronger  of  two  signals  (similar  in 
waveform)  provided  the  stronger  signal  is  equal  to  or  greater  than  6  dB  with 
respect  to  the  weaker  signal.  This,  and  only  this,  is  the  condition  for 
determining  the  frequency  assignment  D/U  for  Category  1  :nterference.  Such  a 
D/U,  provided  everywhere  within  the  Standard  Service  Volume,  would  assure 
desi.ed  signal  acquisition  within  the  specified  search  time  regardless  whether 
an  aircraft  is  flying  towards  or  awav  from  a  desired  facility.  It,  therefore, 
follows  that  for  interference  signals,  the  threshold  (D/U)  for  acquiring  range 
lock  (acquisition)  is  6  dB.  Using  POME  system  parameters  (TABLE  12)  and 
propagation  loss  predictions  from  the  ITS  model,  the  separation  distance 
between  desired  and  undeslred  POME  transponder  for  a  D/U  of  6  dB  is  75  nmi,  as 
shown  in  TABLE  13.  The  threshold  for  break  range  lock  is  about  3  dB  lower 
than  for  acauire-lock  based  on  measurement  data  for  DME  avionics  taken  at 
NAFEC  in  19 766.  This  implies  that  the  D/U  threshold  for  range  break-lock  is  3 
dB,  and  the  minimum  separation  distance  for  this  threshold  is  60  nmi. 

The  POME  facility  Identification  (Ident),  similar  to  DME,  is  provided  by 
Morse  code  signals  transmitted  at  37,5-second  intervals,  and  consists  of 
groups  of  pulse-pairs  transmitted  at  a  repetition  rate  of  1350  PPS  over  the 
duration  of  the  dots  and  dashes  (Reference  3).  The  requirements  are  that 
equipment  shall  provide  an  intelligible  and  unambiguous  output  signal 
identifying  the  selected  ground  station  for  all  receiver  input  signal  levels 


^Sutton,  Mo pa k,  Imhof,  The  Susceptibility  of  Representative  TACAN  and 
DME  Equipment  to  a  Proposed  MLS  L-Band  DME  Sicnal  Format,  ECAC-PR- 77-031 , 
ECAC,  Annapolis,  MO,  July  19  77, 
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down  to  the  receiver  sensitivity  level7.  No  analytical  or  experimental 
study/data  has  been  reported  concerning  the  signal-to-interference  ratio  (SIR) 
criteria  controlling  the  notential  Interaction  between  two  competing, 
cochannel  Ident  functions.  The  'intelligible  and  unambiguous*  requirement  is 
basically  a  subjective  type  of  decision.  However,  it  can  be  assumed  that 
proper  identification  of  a  desired  Idenc  signal  may  require  that  its  power 
should  at  least  be  greater  than  twice  the  power  (3  dB)  of  the  undesired  Ident 
signal.  It  therefore  follows  that  a  pessimistic  DA)  value  for  the  Ident 
function  is  4  dB,  which  Includes  an  additional  margin  of  1  dB. 


TABLE  13 

INTRA-SYSTEM  POKE  INTERFERENCE  (CATEGORY  1) : 
SEPARATION  DISTANCE  RESULTS 


Total  Separation 

Distance  (nmi)  of  .inter  *>rar 

Distance  (nmi) 

From  the  Edge  of  Desired 

D/U  (dB)' 

Between  Transponders 

Service  Volume 

3  (Break  lock 

60 

40 

threshold) 

6  (Acquire  lock 

75 

55 

threshold) 

■*■4  (Ident 

62 

42 

Function 

threshold) 

Comparing  the  interference  thresholds  values  determined  above,  the  most 
constraining  DAJ  ratio  for  Category  1  interference  will  be  selected  at  6  dB. 
TABLE  13  lists  the  interference  threshold  values  and  the  separation  distance 
requirements  for  this  case. 


Minimum  Performance  Standards  for  Airborne  Distance  Measuring  Equipment  (DME 
operating  within  RF  Range  of  960-1215  MHz,  RTCA  Doc.  No.  Do- 1 5 1 -A , 

November  1978. 
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Category  2  Interferences  For  Category  2  interference  (cofrequency/out- 
of-aperture) ,  the  decoder  rejection  characteristics  form  the  primary  basis  of 
the  interference  threshold.  These  rejection  characteristics  (data  supplied  by 
Bendix  Co.)  are  implied  in  the  curves  of  FIGURES  15  and  16  which  show  the 
impact  of  Category  2  interference  on  the  AGC  and  leakage  into  the  ranging 
circuits  of  the  POME  receiver  while  operating  in  the  precision  and  enroute 
modes.  These  curves  do  not  cover  the  entire  dynamic  range  of  the  decoder 
circuit  because  of  limitations  in  the  test  setup.  However,  based  on  the 
limited  available  characteristics,  the  pessimistic  D/tl  for  Category  2 
Interference  is  -50  dB  for  the  precision  and  enroute  modes. 

Category  3  Interferences  In  this  case,  the  characteristics  of  dual- 
mode  Ferris  Discriminator  (FD)  and  front-end  stages  determine  the  interference 
threshold  values.  For  example,  the  curves  in  FIGURE  17  show  rejection 
characteristics  of  front-end  stages  and  the  dual-mode  FD.  It  can  be  soon  that 
the  wide  band  front-end  stages  (i.e.,  RF  and  IF  stages)  alone  are  not 
sufficient  for  suppressing  Cfctaqory  3  interference  and  the  dual  mode  FD 
rejection  characteristics  are  essential  to  ensure  protection  of  the  desired 
PDME  signal  in  precision  mode  in  the  presence  of  adjacent-channel 
interference.  This  point  is  illustrated  by  the  curves  1  and  3  in  FIGURE  17. 
Th»  curve  2  shows  the  rejection  characteristics  due  to  the  narrowband  circuits 
and  these  provide  protection  from  adjacent  channel  interference  in  the 
'enroute'  mode. 

The  rejection  curves  1  and  2  of  the  front-end  stages  were  obtained  by 
convolving  a  theoretical  emission  spectrin  (FIGURE  18)  of  the  PDHE  signal  and 
the  selectivity  curves  (FIGURE  19)  for  the  wideband  and  narrowband  modes  of 
PDME  receiver  operation.  The  combined  precision  mode  rejection 
characteristics  (curve  3  FIGURE  17)  of  the  dual  mode  Ferris  Discriminator  and 
front-end  stages  were  based  on  circuit  data  supplied  by  Bendix.  The  D/U 
ratios  for  category  3  interference  (FIGURE  17)  for  the  precision  mode  are  -60, 
-75  dB  for  the  first  and  second  adjacent  channels,  respectively.  Similarly 
cor  the  enroute  mode,  the  n/U  ratios  are  -37  dB  and  -49  dB,  respectively.  The 
AGO  and  Confidence  Factor  data  in  FIGURE  20  also  confirm  the  precision  mode 
OAl  ratio  mentioned  above. 
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FIGURE  15.  PDME  (PRECISION  MODE)  DECODER  PERFORMANCE  FOR 
CATEGORY  2  INTERFERENCE  SIGNAL. 


FIGURE  16.  PDME  (ENROUTE  MODE)  DECODER  PERFORMANCE  FOR 
CATEGORY  2  INTERFERENCE  SIGNAL. 
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Notes: 

(1)  Af  denotes  the  change  in  interference 
frequency  with  reference  to  desired 
signal  frequency 

(2)  En route  mode  does  not  utilize  the  dual- 
mode  Ferris  Discriminator  in  a  way  similar 
to  the  precision  mode  but  employs  circuitry 
which  enables  it  to  fashion  a  bandwidth  re¬ 
sponse  much  narrower  than  that  of  the  pre¬ 
cision  mode. 


FIGURE  17.  PDME  (PRECISION  AND  ENROUTE  MODES): 

FERRIS  DISCRIMINATOR  AND  FRONT-END 
STAGE  REJECTION  CHARACTERISTICS  FOR 
CATEGORY  3  INTERFERENCE. 
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Category  4  Interference:  Low  levels  of  interference  signal  impinge  on 
the  decoder  circuit  because  of  the  large  rejection  factor  of  the  front-end 
stages  and  the  dual-mode  Ferris  Discriminator.  The  interference  threshold  for 
Category  4  interference  for  precision  mode  should  be  less  (more  negative)  than 
Category  3  threshold  because  the  low  level  signals  are  out  of  the  decoder 
aperture.  Based  on  the  dynamic  range  of  the  receiver,  the  D/U  ratio  for  this 
case  is  at  least  -75  dB.  This  value  also  corresponds  with  the  rejection  level 
shown  in  the  FIGURE  17  (curve  3)  @  2  MHz.  Similarly  the  D/U  ratio  for  the 
enroute  mode  adjacent  channels  is  -49  dB. 

TABLE  14  lists  the  interference  thresholds  for  intra-system  PDME 
interactions  for  all  of  the  interference  categories  discussed  above.  Hie 
interference  thresholds  derived  above  are  valid  to  a  first  order  of 
approximation  because  the  results  are  based  on  characteristics  of  the  key 
circuits  in  the  avionics  receiver  and  not  on  testing  of  the  entire  system.  A 
few  conservative  approximations  in  the  D/U  values  were  made  for  the  cases 
(e.g.  category  4  interference)  for  which  no  characteristics  data  was 
available.  Overall,  the  D/U  ratios  in  TABLE  14  are  pessimistic  values. 

PDME  INTERFERENCE  TO  CONVENTIONAL  DME 


Conventional  DME  avionics  receivers  are  part  of  the  radionavigational 
equipment  on  existing  commercial  aircraft.  The  pertinent  characteristics  of 
representative  DME  avionics  receivers  are  shown  in  TABLE  15.  With  the 
exception  of  the  King  7000,  none  of  those  equipments  use  a  Ferris 
Discriminator  in  the  pre-decoder  stages.  This  implies  that  the  front-end 
stages  (i.e.,  RF  and  IF  jtages)  alone  in  conventional  DME's  need  to  provide 
adquate  rejection  to  the  adjacent-channel  interference  from  an  interfering 
PDME  signal  format.  This  point  was  verified  analytically  by  convolving  a 
theoretical  PDM<S  emission  spectrum  (FIGURE  18)  with  a  general  selectivity 
curve  (APPENDIX  D)  of  the  DMK.  The  curve  in  FIGURE  21  shows  the  expected 
protection  offered  by  DME  front-end  stages  from  PDME  interference. 


45 


"AA-RD-80-89 


Section  2 


TABLE  14 

INTRA -SYSTEM  PDME  INTERFERENCE:  INTERFERENCE  THRESHOLDS 


Interference  category 

DU  (dB) 

Comments 

1 

3  (Break  lock) 

Pessimistic  D/U  is 

6  (Acquire  lock) 

dB  based  on  aoquire 

4  (Zdant) 

lock  criteria 

2 

-50 

Pessimistic  Value 

3 

-60,  -75 

Pessimistic  values 

(Precision) 

for  the  first  and 

-37,  -49 

sacond  adjacent 

(Enrouts) 

channels 

4 

-75,  -75 

Pessimistic  values 

(Precision) 

for  the  first  and 

-49,  -49 

sacond  adjacant 

(Enrouts) 

channals. 

The  D/U  estimates  for  conventional  ONE  receivers  were  derived  from  the 
acquire'* lock  test  data  obtained  from  nafec  and  documented  by  SCAC  (Reference 
6).  The  raw  data  was  mod  if  led/ arranged/  interpreted  as  necessary  to  compensate 
for  the  limitations  in  the  test  setup.  These  limitations  Included  deviations 
ir,  the  test  spectrum  shape,  the  use  of  different  reference  levels  of  desired 
signal  from  equipment  to  equipment,  and  not  taking  the  Ident  function  into 
consideration. 

The  data  for  the  first  and  second  adjacent-channel  center  frequencies  was 
modified  hy  9  dR  and  6  dB,  respectively,  as  shown  in  TABLE  16.  This 
adjustment  was  needed  because  there  was  difference  in  the  elopes  of  the 
simulated  test-signal  emission-spectrin  (FIGURE  22)  and  the  theoretical  PDMB 
signal  spectrin  (FI'Vtre  18).  For  comparison  purposes,  the  Interference 
thresholds  of  DMK  equipment  need  to  he  expressed  in  terms  of  a  common 
reference  level  of  the  desired  signal.  This  reference  was  selected  as  the 
minimum  desired  signal  (MDS/system)  provided  by  the  ground  beacon  at  the  end 
of  the  operational  service  volute  and  is  -79  dBm.  Another  type  of  desired 
signal  level  is  the  minimum  discernable  signal  (MDS/equlpment) ,  which  is  a 
measure  of  a  particular  equipment  sensitivity.  The  raw  data  was,  therefore, 
appropriately  arranged,  plotted,  and  extrapolated  where  necessary  so  that 
interference  thresholds  at  these  power  levels  could  be  determined. 
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DIFFERENTIAL*  LEVELS  BETWEEN  NAFEC  TEST  SIGNAL  AND  THEORETICAL  (OOS/COS2) 
SIGNAL  SPECTRUM  AT  FIRST  AND  SECOND  ADJACENT-CHANNEL 
CENTER  FREQUENCIES 


Af  ( MHz) 

COE/COS2 

Normalized 

Theoretical 

Spectrum 

Level  (dB) 

NAFEC 

Normalized 

Test  Siqnal 

Level  (Worst 

Case)  (dP) 

Difference 

(dP) 

1 

(1st  Adiacent. 
Channel) 

-43 

-34 

9 

2 

(2nd  Adiacent 
Channel) 

-56 

-50 

6 

*  The  normalized  levels  are  not  relative  to  0,5  MHz  bandwidth  for  both 
the  theoretical  and  test  signal  spectrum* 


The  curves  of  FIGURES  23  to  29  form  the  basis  of  D/U  estimates  for  the 
ONE  receiver  for  Category  1  and  Category  2  interference,  similarly,  the  raw 
data  was  processed  to  obtain  interference  thresholds  for  Categories  3  and  4 
(figures  29  to  34).  These  Figures  are  based  on  NAFEC  data  using  the  ARD  300 
channel  plan*.  The  Category  2  interference  data  at  18  us  pulse  pair  spacing 
is  pessimistic  because  the  PDME  transponder  in  the  Y  6XZ  modes  (See  APPENDIX 
C)  transmits  at  30  us. 


*A»D  300  channel  plan  as  defined  in  Reference  5. 
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b)  FREQUENCY  DOMAIN 

FIGURE  22.  SIMULATE!)  PDME  TEST  SIGNAL  SPECTRUM  AT  NAKEC. 

VERTICAL  SCALE:  10  dB/di'r. 

HORIZONTAL  SCALE:  1  MHz/d iv. 

The  resultant;  n/y  estimates  for  PDME  interference  to  DME  receivers  are 
summarized  in  TABLE  16.  These  D/U  values  are  based  on  proper  interpretation 
of  the  'JA^SC  data.  por  example,  in  the  case  of  Category  1  interference,  the 
n/U  ratio  was  considered  to  be  a  positive  number  because  in  an  intended 
service  volume,  the  avionics  receiver  locks  on  to  the  stronger  desired 
- vnchronous  signal  as  previously  discussed.  The  analysis  data  shows 
considerable  variation  in  n/u  ratios  from  equipment  to  equipment  for  the  same 
category  of  Interference.  This  variation  in  D/U  ratios  is  due  to  differences 
in  circuit  performance  of  these  (e.q.  front-end  sensitivity,  IP  saturation 
level,etc.).  equipment.  The  constraining  D/U  values  representative  of 
interference  to  time's  were  determined  from  this  data. 
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FIGURE  23.  COLLINS  860  E-2  EQUIPMENT. 


DESIRED  SIGNAL:  PPS  12  fi S  ;PPRF  2700  Hi 
UNDESIRED  SIGNAL!  PPRF  2700  Hi 


CATEGORY  I  (CO -FREQUENCY /CO -APERTURE 
UNOEStREO  QI2jjS  PULSG^PAIR  SPACING  (PPS) 


CATEGORY  2 
(CO-FREQUENCY/OFF  APERTURE) 
UNDESIREOQ  18  pS  PPS 


DESIRED  SIGNAL  LEVEL  (dBm) 
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FIGURE  28.  KING  7000  EQUIPMENT. 
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FIGURE  34.  KING  705A  EQUIPMENT. 
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Category  1  Interferences  The  constraining  D/U  ratio  from  TABLE  17  for 
the  range  acguire-lock  function  is  8  dB.  Hie  pessimistic  interference 
threshold*  for  the  Ident  function  is  4  dB.  Therefore,  the  worst-case  D/n 
value  for  Category  1  interference  is  8  dB.  Hiese  n/u  values  can  he  linked 
with  interacting  transponder  equipment  separation  distance  using  equipment 
ERP's,  ITS  propagation  model,  etc.  Hie  analysis  results  are  listed  in  TABLE 
18. 


TABLE  18 

POME  INTERFERENCE  TO  DME  (CATEGORY  1):  SEPARATION  DISTANCE  RESULTS 


DME 

Service  Volume 
Type 

n/u 

(dB) 

Total  Separation 
Distance  (nmi) 

Between  Transponders 

Interferer 

Distance 

Rrom  the  Edge 
of  Service 
Volume  of  the 
Desired  Equip¬ 
ment  (nmi) 

High* 

4  8  Ident 

150 

20 

R  «  range  lock 

170 

40 

Low 

4  8  ident 

(b) 

(b) 

8  0  range  lock 

48 

8 

Terminal 

4  0  Ident 

(b) 

(b) 

8  0  range  lock 

31 

6 

aSee  TABLE  11  footnote. 


bAt  low  &  terminal  altitudes,  no  cochannel  interference  is  possible  because  of 
antenna  patterns,  etc. 


Cateqory  2  Interference!  Hie  large  variation  in  rejection  levels  from 
TABLE  17  for  Category  2  interference  is  mainly  due  to  differences  in 
performance  characteristics  of  the  decoder  circuits  in  different  eqv.ipment. 


aSee  Intra-System  POME  Interaction?  Category  1  interference. 


66 


FAA-RD-80-89 


Section  2 


The  worst  performing  decoder  rejection  is  5  dB.  The  overall  interference 
threshold  selected  to  protect  against  Category  2  interference  depends  on  the 
chosen  criteria*  The  criteria  for  selecting  a  threshold  may  include i  (a) 
protecting  all  or  some  equipment  based  on  NAPEC  data;  or  (b)  protecting 
equipment  based  on  performance  standards  described  in  References  2  and  3. 

Prom  safety  of  life  considerations,  all  avionics  equipment  should  be 
protected.  Xt  implies  that  worst-case  D/0  ratio  (3  dB)  will  be  selected  as  an 
interference  threshold  and  it  will  be  a  pessimistic  criterion.  It  may  be 
noted  that  selecting  the  D/0  ratio  based  on  worst  performing  decoder  equipment 
may  strain  the  channel  assignment  model  to  setae  extent. 

Category  3  and  Category  4  Interference  *  The  analysis  results  for 
Categories  3  and  4  (TABLE  17)  were  obtained  from  FXGOKES  30  to  35.  This  data 
was  adjusted  to  account  for  the  differences  in  spectra  roll-off  between  the 
test  signal  and  expected  PDME  signal  format.  Again,  the  variations  in  D/O 
values  from  equipment  to  equipment  can  be  mainly  attributed  to  different 
circuit  designs  used  by  the  equipment  manufacturers.  The  worst-case  D/0 
values  for  Category  3  are  -25  and  -30  dB  for  first  and  second  adjacent 
channels,  respectively.  The  worst-case  D/0  value  for  Category  4  are  -42  and 
-46  for  first  and  second  adjacent  channels,  respectively.  This  result 
primarily  reflects  the  rejection  characteristics  of  the  front-end  stages 
(i.e.,  RF  and  IP  stages)  of  the  DKE  receivers.  As  shown  in  TABLE  17,  the 
interference  thresholds  for  certain  equipment  are  the  same  or  nearly  the  same 
for  Category  3  and  4  interference.  Possibly  in  these  equipments,  the  out-of¬ 
aperture  interference  impinging  on  the  decoder  circuit  is  comparable  to  the 
noise  level,  and  therefore,  no  additional  decoder  rejection  is  contributed. 

The  overall  results  of  the  analysis  of  POME  interference  to  conventional 
DME's  are  summarised  i.»  TABLE  19. 
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TOMB  INTERFERENCE  TO  TACAN 


The  TACAN  system  provides  the  aircraft  with  azimuth,  ranqe,  am. 
identification  information.  Relevant  characteristics  of  available  TACAN 
avionics  are  listed  in  TABLE  20*.  the  adjacent-channel  rejection 
characteristics  of  a  representative  TACAN  front-end  stages  (no  Ferris- 
Discriminator  used  in  TACAN  avionics  receivers)  for  a  potentially  Interfering 
POME  signal  compared  favorably  with  results  already  shown  in  FIGURE  21.  Test 
data  from  NAFEC  was  appropriately  modified  in  this  case  in  order  to  account 
for  the  differences  in  spectral  fall-off  between  the  test  signal  and  the  POME 
signal  and  also  to  include  interference  thresholds  values  at  MDS/system  and 
MDS/eguipment. 


TABLE  18 

POME  INTERFERENCE  TO  DME, 
INTERFERENCE  THRESHOLD  VALUES 


Interference 

Cateqory 

D/U  (dB) 

Comments 

1 

8 

Dsgradstion  for  acquirs 
range  lock 

2 

3 

Based  on  worst  performing 
decoder  characteristics 

3* 

-34,  -36 

First  and  second 
adjacent  channel. 

4* 

-51,  -52 

First  and  second 
adjacent  channel. 

*The  D/U  ratios  for  Category  3  and  Category  4  interference  from  TABLE  17  have 
been  adjusted  by  8  dB  and  6  dB  for  the  first  and  second  adjacent  channels 
respectively.  These  adjustments  are  based  on  differences  in  spectral  levels  in 
the  adjacent  bands  between  the  test  signal  spectrum  (FIGURE  22)  and 
theoretical  spectrin  (FIGURE  18). 


*The  list  covers  a  combined  inventory  of  old  and  new  equipment.  The 
AN/ARC-52  represents  the  older  equipment. 
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NAFEC  data  an*  Diets  of  D/U  ( FIGURES  3A  to  38  base*  on  NAFEC  data)  were 
use*  to  form  a  basis  for  estimating  thresholds  (TABLES  21  an*  22)  for  PDME-to- 
TACAN  interactions*  These  tables  cover  both  azimuth  an*  range  functions  an* 
list  the  D/U  values  for  various  TACAN  avionics  receivers  for  each  category  of 
interference.  The  D/U  ratio  data  for  Category  1  interference  was  interpreted 
in  terms  of  stronger  (desired)  signal  acquire  loch  within  the  service  volume 
as  discussed  previously*  The  analysis  data  indicates  that  except  for  Category 
1  interference,  the  TACAN  azimuth  function  is  more  susceptible  to  interference 
than  the  range  function. 

Category  1  Interference:  The  analysis  (TABLES  21  and  22)  shows  that  the 
pessimistic  D/U  values  is  R  *B.  However,  D/U  value  of  8  dB  was  used  in  the 
results.  It  has  been  already  stated  that  the  interference  threshold  for  the 
Tdent  function  is  4  dB.  Using  the  equipment  ERP,  established  service  volumes 
and  loss  predictions  of  the  ITS  progpagation  model,  an  analysis  of  D/U  ratios 
was  made  in  terms  of  separation  distance  between  the  interacting  couplet. 

TABLE  23  summarizes  the  separation  distance  results  of  this  analysis  and  shows 
that  tv>e  most  constraining  interference  threshold  value  for  Cataegory  1 
interference  is  R  dB. 

Category  2  Interference:  As  in  the  case  of  DME,  TACAN  equipment  exhibits 
a  variation  in  decoder  performance  according  to  Cateqory  2  data  in  TABLES  21 
and  22.  The  interference  thresholds  were  based  on  the  criterion  of  worst 
performing  decoder  equipment  data.  The  D/U  ratio  for  the  Category  2 
interference  is  ft  dB  and  is  listed  in  TABLE  24. 

Category  3  and  Category  4  Interference:  In  Category  3,  TABLES  21  and  22, 
the  pessimistic  D/U  values  are  -33  dB  and  -41  dB  for  the  first  and  second 
adjacent  channel,  respectively.  The  adjusted  D/U  ratios  are  -42  dB,  -47  dB 
for  the  first  and  second  adjacent  channels,  respectively,  accounting  for 
differentials  in  the  emission  spectra  levels.  These  D/U  ratios  for  the 
adjacent  channels  are  comparahle  to  the  expected  values  shown  in  the  curve  of 
figure  21,  In  the  case  of  Category  4  interference,  the  constraining  D/U 
values  are  -42  dB  and  -47  dB  because  the  interference  suppressed  by  the  front- 
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FIGURE  38.  AN/ARN-52  EQUIPMENT. 
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PDME  INTERFERENCE  TO  TACANS:  D/U  RESULTS  FOR  AZIMUTH  FUNCTION 
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PDME  INTERFERENCE  TO  TACANS:  D/U  RESULTS  FOR  RANGE  FUNCTION 
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PDME  INTERFERENCE  TO  TACAN  (CATEGORY  1):  SEPARATION  DISTANCE  RESULTS 
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end  staqes  Is  of  little  significance  in  most  of  the  subsequent  decoder 
circuits.  Tbe  ad-justed  D/U  ratios  are  noted  in  TABLE  24. 

The  overall  results  of  the  interference  analysis  of  PDME  interference  to 
TACAN  receivers  are  summarized  in  TABLE  24. 


TABLE  24 

PDME  INTERFERENCE  TO  TACAN) 
PESSIMISTIC  INTERFERENCE  THRESHOLDS 


Interference 

Category 

D/U  (dB) 

Comments 

1 

8 

Degradation  based  on 
acquire  lock 

2 

6 

Criterion  of  worst 
performing  decoder 
equipment 

3 

1 

K> 

1 

■*4 

First  and  second 
adjacent  channels. 

4 

-42,  -47 

First  and  second 
adjacent  channels. 

TACAN/DME  INTERFRBNCE  TO  PDME 


The  intra-system  PDME  interactions,  discussed  earlier,  showed  th-.t  the 
interference  thresholds  depend  primarily  on  the  characteristics  of  the  key 
circuits  in  the  victim  receiver.  Ihe  same  situation  applies  in  the  case  of 
TACAN/DME  interference  to  the  PDME  receiver.  However,  the  impact  of  TACAN/DME 
interference  on  the  PDME  receiver  may  be  less  severe  for  adjacent-channel 
interference  because  the  potentially  interfering  TACAN/DME  pulses  have  a 
slower  rise  time  (narrower  spectrum  as  compared  to  potentially  interfering 
PDME  pulses).  As  a  result,  the  separation  distance  requirement  for  the 
interfering  couplet  will  be  different  in  the  present  case. 

Category  1  and  Category  2  Interference:  The  interference  thresholds  for 
the  PDME  receiver  for  Category  1  interference  have  already  been  established  in 
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the  previous  intra-system  PDME  section.  These  ratios  hold  for  ;he  present 
case  also.  The  interpretation  of  these  ratios  in  terms  of  separation  distance 
between  interacting  equipment  was  made  using  ERP's,  the  ITS  propagation  model, 
etc.  The  results  of  the  analysis  are  listed  in  TABLE  25  in  terms  of  the 
separation  distance  requirement.  The  pessimistic  D/U  ratio  is  6  dB  for 
Category  1  interference.  In  the  case  of  Category  2  interference,  the 
pessimistic  interference  threshold  will  he  a-50  dB,  based  on  the  victim  PDME 
receiver  decoder  characteristics  discussed  proviously. 


TABLE  25 

TACAN/DME  INTERFERENCE  TO  PDME  (CATEGORY  1 ) t 
SEPARATION  DISTANCE  RESULTS 


Case 

D/U 

(dB) 

Between 

Transponders 

Service  Volume 
of  Desired  Signal 

TACAN  to 

3  (break  lock) 

rnmmmm 

182 

PDME 

6  (acouire  lock) 

184 

+4  (Ident) 

203 

183 

DME  (1  kW) 

3  (break  lock) 

188 

168 

to  PDME 

6  (acquire  lock) 

170 

+4  (Ident) 

187 

167 

Category  3  and  Category  4  Interferences  The  adjacent-channel  rejection 
in  the  IF  stages  was  determined  by  convolving  representative  emission  spectra 
of  TACAN/DME  with  the  precision  mode  and  enroute  mode  selectivity  curves  of 
pdme  receivers.  The  results  are  given  in  FIGURES  39  and  40.  The  enroute  mode 
OFR  was  approximately  derived. 

As  shown  in  these  figures,  the  maximum  relection  from  front-end  stages  is 
below  10  dB  at  1  MHz  and  18  dB  at  2  MHz,  which  is  small  compared  to  the  dual 
mode  verrie  Discriminator  rejection  level.  Therefore,  the  interference 
threshold  level  for  precision  mode  Category  3  interference  is  primarily  set  by 
the  dual  mode  Ferris-Discriminator  characteristics.  The  pessimistic  D/U  ratio 
for  Category  3  (precision  mode)  interference  was  considered  as  -60  dB  and  -75 
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dB  (combined  front-end  and  dual  mode  Ferris-Discr iminator  characteristics)  for 
the  first  and  second  adjacent  channels,  respectively.  The  D/U  ratios  for  the 
enroute  mode  Category  3  are  -47  dB  and  -51  dB  for  the  first  two  adjacent 
channels. 

The  interference  thresholds  (pessimistic  values)  for  the  Category  4 
interference  are  based  on  the  second  adjacent-band  data  of  Category  3 
Interference,  therefore,  D/0  ratios  for  Cateqory  4  will  he  -75  dB  for  the 
precision  mode  and  -51  dB  for  the  enroute  mode  for  the  adjacent  channels,  the 
results  of  the  analysis  are  listed  in  TABLE  26. 


TABLE  26 

TACAN/DME  INTERFERENCE  TO  PDME:  PESSIMISTIC  INTERFERENCE  TRESHOLDS 


Interference 

Category 

DA’  (dB) 

Comments 

1 

6 

Acquire  lock  criterion 

2 

-50 

Pessimistic  value 

3 

-60 , - 75 ( Precision 
mode) 

-4 7, -51 (Enroute 
mods) 

Pessimistic  values  fcr  the 
first  snd  second  adjacent 
charnels 

4 

- 75, -7S( Precision 
.node) 

-5 1,-51 (Enroute 
mode) 

Pessimistic  values  for  the 
first  and  second  adjacent 
channels 

IN-'RA-AUD  INTFR-SVSTBM  TACAN/DME  INTERACTIONS 

There  are  four  different  types  of  interactions  to  be  '-onsidercd  between 
the  TACAN  and  dme  equipment,  the  interference  thresholds  'or  these 
interactions  for  each  category  of  i \fcerference  were  deterc  »ed  using  equipment 
orotect?.o-:  rules,  Ident  function  diarad^tion  levels,  mi  r  ..mum  ,^erformance 
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standards  of  equipment,  and  circuit  characteristics.  The  details  of  the 
analysis  are  descrihed  below: 

Intra-System  TACAN  Interactions 

a 

Accordinq  to  the  O.S.  National  Aviation  Standards  on  VORTAC  systems,  a 
signal  from  a  undesired  cochannel  component  will  be  at  least  8  dB  below  the 
siqnal  from  the  desired  component.  In  other  words,  maintaining  a  o/u  ratio  of 
+8  dB  for  Category  1  interference  is  mandatory  in  the  frequency  assignment 
process.  Ibis  ratio  is  also  supported  by  the  consideration  that  for 
preserving  the  azimuth  Information  (which  has  modulation  swinge  of  about  +4 
dB),  the  quiescent  levels  of  the  interacting  equipment  should  be  separated  by 
8  dB.  Separation  distance  analysis  was  made  for  maintaining  a  D/0  ratio  of  8 
dB  between  the  interacting  TACAM  equipment,  the  results  are  summarized  in 
table  27  for  the  three  type*  of  service  volume.  The  standards  also  state  that 
the  signal  from  an  undesired  first  adjacent'-channel  component  will  not  exceed 
the  desired  signal  by  more  than  >42  dB.  Furthermore,  signals  other  than 
cochannel  or  first  adjacent  channels  shall  not  exceed  +50  dB  of  the  desired 
signal  at  any  point  above  the  radio  horizon  and  within  the  operational  service 
volume  of  the  desired  component*  Thus,  it  is  required  that  for  Category  3 
interference,  D/ti  ratios  of  -42  and  -50  dB  have  to  be  maintained  for  the  first 
nnl  second  adjacent  channels,  respectively. 

The  decoder  circuits  in  TACAN  avionics  receivers  have  a  variation  in 
performance.  However,  baaed  on  the  channel/frequency  allocation  in  tha  960- 
12 15  MHz  band,  the  Category  2  and  Category  4  cases  do  not  apply  in  the  present 
case  of  interaction.  Assuming  that  the  decoder  circuit  offers  no  additional 
rejection  to  low  level  interfering  signals,  the  pessimistic  D/U  ratio  for 
Category  4  interference  is  -50  dB.  The  summary  of  D/U  ratios  for  intra-system 
TACAN  interference  is  listed  in  TABLE  28. 


O 

Advir  •  Circular  on  U. S.  National  Aviation  Standards  for  the  VORTAC  System, 
PAA,  _.  of  Transportation,  June  10,  1976. 
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TARLE  2  7 

INTRA-SYSTEM  TACAN  INTERACTIONS  (CATEGORY  1) I 
SEPARATION  DISTANCE*  RESULTS 


Service 

Volume 

Mode 

D/U 
( dB) 

Total  Separation 
Distanea  (nmi) 
Between 
Transponders 

Inter ferer  from  the 

Edge  of  Service  Volume 
of  Desired  Signal  (nmi) 

High 

♦8 

375 

245 

Low 

175 

135 

Terminal 

♦8 

120 

95 

_ 

* Power  allowance  for  monitor  is  not  included  here. 


TABLE  28 


INTRA-SYSTEM  TACAN  INTERACTIONS! 
INTERFERENCE  THRESHOLDS 


Interference 

Pessimistic 

category 

D/U(dB) 

Comments 

1 

+8 

Based  on  VORTAC  protection  rules* 

2 

m 

Not  applicable. 

3 

-42,-50 

First  and  second  adjacent  channels, 
respectively,  based  on  protection 
rules. 

4 

- 

Not  applicable. 

Intra-DMF  interact lone 


The  TACAN  transponder  equipment  in  comparison  to  DME  transponder 
equipment  operate  at  a  higher  ERP  and  use  spectrum  filters  in  the  beacon 
transmitter  to  comply  with  ICAO  Annex  10  and  adjacent-channel  spectral 
constraints.  In  adv*.  vtion,  the  azimuth  function  in  TACAN  equipment  is  more 
vulnerable  to  interference  than  is  either  the  range  or  Ident  function.  Since 
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these  features  apply  to  TAWN  equipment  only,  the  interference  threshold 
values  derived  in  the  preceding  section  do  not  apply  to  the  ms's.  The  details 
of  the  analysis  procedure  for  intra-system  DMB  (1  kw  and  100  watt  equipment' 
interference  thresholds  are  given  in  APPENDIX  D.  the  key  points  are  repeated 
here. 


The  cochannel  (Category  1)  interference  threshold  is  based  on  the 
ootential  degradation  of  the  range  function,  for  which  a  D/U  ratio  of  8  da  is 
required,  this  ratio  will  he  valid  to  both  the  1-kW  and  100-watt  me  units. 
The  desired  separation  distances  for  the  type  of  DME  service  volumes  were 
analysed  and  the  results  are  listed  in  TABLE  29.  in  this  case  also,  the 
Category  2  and  Category  4  interference  does  not  exist  for  both  types  of  ONE 
units  because  of  channel/frequency  allocation  procedures  in  the  960-1215  MH* 
hand. 


TABLE  29 

INTRASYSTEM  DMB  INTERACTIONS  (CATEGORY  1)» 
SEPARATION  DISTANCE  RESULTS 


Service  Volume 
Mode 

D/U 

(dB) 

Total  Separation 
Distance  (nmi) 
Between 
Transponders 

Intarfarer  Distance 

Prom  the  Edge  of  the 
Service  Volume  of  Desired 
Signal  (nmi) 

High 

8 

376 

346 

Low 

8 

177 

137 

Terminal 

8 

127 

102 

The  ah  '.acent-channel  Interference  thresholds  were  determined  by 
convolving  a  theoretical  emission  spectrum  with  a  general  selectivity  curve  of 
ome  r see i very  (see  APPENDIX  o'.  Cosine-squared  waveforms  wove  examined  to 
check  compliance  with  ICAO  Annex  10  spectral  constraints.  The  off-frequency 
rejection  (OPR)  values  for  such  a  waveform,  (e.g«,  a  3. 5-microsecond  pulse 
width  and  a  2.06-mierorecond  rise  and  fall  time)  were  -<*7.4  dB  and  -55.5  dR 
for  the  first  ani  second  adjacent  channels,  respectively  (TABLE  D-1). 
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In  term*  of  Category  3  interference*  the  D/tJ  ratios  for  the  1-kW  DM1  unit 
are  -39.4  an*  -47.5  dB,  respectively  for  the  first  and  second  adjacent 
channel*  For  the  100-watt  DM!  unit*  the  D/U  values  will  he  -29.4  dB  and  -37.5 
dR  for  the  first  two  adjacent  channels,  The  results  of  intra-DMB  interference 
thresholds  are  listed  in  TABLE  30. 


TABLE  30 


INTRASYSTEM  DME  INTERACTIONS t 
INTERFERENCE  THRESHOLDS 


Interference 

Category 

Pessimistic 

D/U  (dB) 

Comments 

1 

8  11-kN  a 

Based  on  degradation  in  the  range 

100-W  DME] 

acquire- lock  function. 

2 

Not  applicablo. 

3 

-39.4,-47.5 

First  and  second  adjacent  channels) 

[1-kW  DME] 

based  on  general  analysis  in 

-29.4,37.5 
[100-W  DME] 

APPENDIX  D. 

4 

Not  applicable. 

TACAN  Interference  to  DME 

The  approach  in  determining  the  Interference  threshold  was  the  same  as  in 
the  preceding  sections.  For  on-channel  interference  (Category  1),  the  range 
function  is  most  susceptible  to  degradation.  Therefore*  the  constraining  D/u 
ratio  for  Category  1  interference  is  8  dB.  The  separation  distances  necessary 
to  maintain  that  n/u  ratio  are  listed  in  TABLE  31  for  all  types  of  service 
volumes.  The  adjacent-channel  interference  analysis  was  based  on  the 
convolution  of  a  TACAN  emission  spectrum  and  a  DME  receiver  selectivity  curve 
using  the  FDR  CAL  program  (APPENDIX  E).  The  interference  thresholds  for 
Category  3  interference  are  -46  dB  and  -54  dB.  The  results  of  this  analysis 
are  surmaarized  in  TABLE  32. 
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TABLE  31 

TACAN  INTERFERENCE  TO  DME  (CATEGORY  1): 
SEPARATION  DISTANCE  RESULTS 


Service  Volume 
Mode 

D/U 

(dB) 

Total  Separation 
Distance  (nmi) 
Between 
Transponders 

Interferer  Distance 
From  the  Edge  of  the 
Service  Volume  of  Desired 
Signal  (nmi) 

High 

8 

376 

246 

Low 

8 

193 

153 

Terminal 

8 

133 

113 

TABLE  32 


TACAN  INTERFERENCE  TO  DME: 
INTERFERENCE  THRESHOLDS 


Interference 

Pessimistic 

Category 

D/U  (dB) 

Comments 

1 

8 

Based  on  degradation  in  the  range 

acquire- lock  function. 

2 

Not  applicable. 

3 

ii 

u 

First  and  second  adjacent  channels > 

based  on  general  r-harac .-.eristics 

of  the  interacting  equipment. 

4 

*■ 

Not  applicable. 

DME  Interference  to  TACAN  Equipment 


In  this  case#  it  is  the  range  acquire- lock  function  which  determine-:  the 
interference  threshold  for  the  cochannel  interference.  Therefore,  the 
constraining  D/U  ratio  for  Category  1  interferon*- *  was  8  dB.  Separation 
distances  were  determined  for  the  above  D/U  ratio  between  the  interacting 
eouipment  and  these  are  listed  in  TABLE  33  for  all  types  of  service  volumes# 
The  interference  thresholds  for  Category  3  interference  were  based  on  emission 
and  selectivity  characteristics  of  the  interacting  equipment.  The  pessimistic 
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D/tJ  ratios  for  this  case  were  -39  dB  and  -48  ( 1-kW  DME)  and  -29  dB,  -38  dB 
(100-watt  DME)  for  the  first  and  second  adjacent  channels.  The  results  of  the 
analysis  are  given  in  TABLE  34. 


TABLE  33 

DME  INTERFERENCE  TO  TACAN  (CATEGORY  1): 
SEPARATION  DISTANCE  RESULTS* 


Service  Volume 
Mode 

D,/t! 

(dB) 

Total  Separation 
Distance  (nmi) 
Between 
Transponders 

Interferer  Distance 
From  the  Edge  of  the 
Service  Volume  of  Desired 
Signal  (nmi) 

High 

8 

373 

243 

Low 

8 

158 

118 

Terminal 

8 

105 

80 

*nistanco  separations  are  based  on  transmitter  powers  given  in  TABLE  12. 


TABLE  34 

DME  INTERFERENCE  TO  TACAN 


interference 

Category 

Pessimistic 

D/U  (dB) 

Comments 

1 

8  ( 1-kW  & 

100-W  DME] 

Based  on  acquire  range  lock. 

2 

am 

Not  applicable. 

3 

-39,-48 

First  and  second  adjacent 

[1-kW  DME] 

channels;  based  on  general 

-29,-38 

characteristics  of  the 

[100-W  DME) 

interacting  equipment. 

4 

- 

Not  applicable. 

This  section  addressed  the  interference  threshold  analysis  for  the  L-Rand 
dome,  DME  and  TACAN  equipment  for  the  four  categories  of  interference. 

Section  3  of  this  report  summarises  the  overall  results  of  this  analysis  along 
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with  explanations  and  interpretations.  These  results  provide  an  important 
input  for  an  initial  exercising  of  the  channel  assignment. 
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RESULTS/SUMMARI55ATIONS/COMMENTS 

MLS/C-Band  Equipment  interactions 

This  portion  of  analysis  determined  the  interference  thresholds  for  all 
combinations  of  interactions  between  the  MLS  confiourat ions/functions  for  the 
cases  of  cochannel  and  adjacent-channel  interference.  The  focal  point  in  this 
analysis  was  the  transformation  of  MLS  error  budgets  for  different  MLS 
confiqurations/functtons  into  the  interference  thresholds  (D/U  ratios)  at  the 
system  level.  The  main  results  of  the  analysis  and  the  interpretations  are 
given  below. 

Adjacent-Band  analysis  Results » 

The  first  step  in  the  analysis  was  to  determine  the  n/[j  ratios  at  the 
'unction  level  (TABLE  3).  These  D/U  values  characterise  the  receiver 
performance  when  subjected  to  interference  from  the  undesired  MLS  guidance 
'unctions.  The  function  level  D/U  ratios  were  transformed  to  system  level  D/U 
ratios  f TABLE  6)  using  the  adjustment  factors  (TABLE  5).  The  adjustment 
'actors  were  determined  graphically  with  DPSE  channel  as  the  reference  base. 
The  constraining  o/u  ratio  selected  on  this  reference  base  ensures  protection 
from  interference  for  all  combinations  of  interactions  between  the  MLS 
configurations/functio  is. 

On  a  system  basis,  the  Preamble/Data  channel  was  found  to  be  more 
susceptible  to  interference  among  all  the  cases  (TABLE  7).  The  constraining 
interaction  is  an  SB  signal  from  an  undesired  Pull  Capability  MLS 
Configuration  versus  a  po  channel  of  the  victim  equipment.  The  moat 
constraining  n/u  ratio  is  -21  d8  (TABLE  7)  for  the  first  adjacent  channel. 

The  rejection  factor  data  of  TABLE  2  was  used  for  determining  D/U  ratios  in 
the  other  adjacent-band  channels.  The  constraining  D/U  vaues  are  -23  dB,  -26 
dh  and  -2R  dB  for  the  second,  third  and  fourth  adjacent  channels, 
respectively.  This  data  is  plotted  In  FIGURE  41. 
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CHANNEL  NUMBER 

FIGURE  41.  CHANNEL  NUMBERS  VERSUS  [d/U^FOR  MLS/C -BAND  EQUIPMENT. 
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For  adjacent-channel  interference,  the  ITS  predictions  -  (Reference  4) 
were  used  to  determine  the  worse-case  D/U  location  (within  and  outside  the 
service  volume)  based  on  separation  distance,  aircraft  altitude,  antenna 
patterns,  etc*  It  was  determined  that  the  worst-case  geometry  occurs  when 
airport  facilities  are  separated  by  21  miles  and  with  the  victim  aircraft  at 
an  altitude  of  2100  feet*  this  situation  is  illustrated  in  FIGURE  42*  The 
D/U  ratio  for  this  geometry  is  22  dB  (FIGURE  43)* 

The  D/U  results  of  the  preceding  analysis  on  adjacent-channel 
interference  and  worst-case  geometry  of  MLS  equipment  location  are  summarized 
in  figure  41*  These  results  indicate  that  to  accommodate  the  situation  of 
worst-ease  MLS  equipment  location  (FIGURE  42)  and  to  preclude  Interference 
from  the  constraining  Intra-MLS  Configuration  interactions  (e.g.,  from  an 
undesired  Full  capacity  equipment  vs  the  desired  Minimum  Capability 
equipment),  the  undeslred  MLS  signal  should  be  assigned  at  least  the  second 
adjacent  channel.  The  frequency  separation  based  on  this  criteria  should, 
therefore,  oreclude  adjacent-channel  interference  for  all  possible 
interactions  between  MLS  Con^iguratlon/function  and  locations  of  the  MLS 
equipment . 

The  results  of  the  ad  j 'cent-channel  interference  analysis  hold  for  the 
values  of  rejection  factors  (TABLE  2),  AEIRP  (TABLE  4)  and  CMN  error  budget 
(TABLE  1)  given  in  this  section.  Any  changes  in  these  values  will  modify  the 
constraining  n/U  ratios.  Rowever,  any  new  D/U  values  could  be  readily 
determined  bv  the  procedures  described  in  this  report. 

It  should  be  noted  that  these  adjacent-channel  results  do  not  make 
allowance  For  the  monitor  power  tolerances  between  the  deaired  and  undesired 
Facilities.  Dependent  upon  what  this  value  is  for  the  fin.»l  MLS  system 
conFigurations,  the  numher  of  adjacent  channels  removed  in  the  frequency 
assignment  criteria  can  be  greater  than  that  indicated  herein. 
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Cochannel  Analysis  Results? 


The  cochannel  analysis  was  based  on  distortion  caused  in  the  scan  beam 
slenal  due  to  multipath  effect  (i.e»,  interference  being  a  nearly  coincident 
signal  and  replica  of  the  desired  signal) •  the  interference  thresholds  (TABLE 
10)  were  determined  at  the  system  level*  The  most  constraining  D/U  value  at 
the  system  level  is  24  dB  and  it  occura  for  the  case  of  undesired  signal  from 
a  Minimum  Capability  MLS  equipment  interacting  with  the  desired  Full 
Capability  equipment*  The  separation  distance  requirements*  to  preclude 
interference  for  the  most  constraining  case*  are  based  on  the  path  loss 
predictions  of  the  ITS  propagation  model  and  the  results  are  listed  belowt 


MLS  Receiver 
Altitude 
(Kilo  feet) 


Separation  Distance  (nmi)  estimated 
Between  Desired  &  Undesired  MLS 
Ground  Equipment 


2.1 

10 

20 


82 

142 

193 


The  cochannel  interference  analysis  performed  in  Section  2  is  based  on 
the  most  constraining  interference  situation.  Therefore,  the  iialytlc 
procedure  crovidea  pessimistic  values  of  D/n  ratios  and  the  associated 
separation  distances. 

L-Band  Equipment  (BOMB*  TACAU,  DHB)  Interactions 

The  overall  interference  threshold  results  of  the  L-Band  equipment 
analysis  are  summarized  in  TABLE  3S.  The  D/U  results  are  the  same  for  many 
cases  of  interactions.  This  is  because  the  pessimistic  D/U  ratios  are  listed 
and  most  of  these  are  derived  on  the  basis  of  characteristics  of  the  key 
receiver  circuits  and  also  using  minimum  allowable  performance  standards 
pertaininq  to  this  equipment.  The  separation  distance  requirements  are 
different  for  each  of  these  interactions  because  different  parameters  such  as 
transmitter  power,  service  volume  and  antenna  gain/pattern  were  used  in  the 
its  propagation  model  (Reference  4)  for  each  case.  The  results  of  the 
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TABLE  35 


CONSTRAINING  INTERFERENCE  THRESHOLDS  FOR  THE 
L-BAND  AVIONICS  EQUIPMENT 


Interfering 

Equipment 


TACAN 


Categories* 


1 


DME 

(1  kW) 


(100  watt 
unit) 


victim  Equipment 
Threshold* 


TACAN  DME 

<dP>  (dP> 


A 

-42,  -SO 


8 

-34,  -48 


-24,  -38  -24,  -38 


8  8 

6  3 

-24,  -34  -25,  -34 

-34,  -34  -34,  -34 


aCateaory  1  -  Cof  requency/ coaperture  interference. 

Category  2  -  Oofrequency/out-of-aperture  interference. 

Category  3  -  Adjacent-channel/coaperature  Interference. 

Category  4  -  Adjacent-channel/out-of-aperature  interference. 

hIn  categories  3  and  4  for  PDWB,  the  two  levels  of  D/n  ratio  refer  to  the 
precision  and  enroute  nodes. 

cIn  Categories  3  and  4,  the  two  levels  of  D/O  ratio  pertain  to  the  first 
and  second  adjacent  channels. 

Not  applicable  cases  are  denoted  blank. 
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separation  distance  analysis  are  presented  in  the  tables  of  Section  2.  The 
comments  summarising  the  basis  of  the  analysis  results  are  described  below. 

PDKB  Avionics  Equipment 

The  D/T!  ratio  of  6  dB  derived  for  Category  1  interference  indicates  the 
dynamic  range  of  the  AGC  circuit  of  the  prototype  PDKB  equipment*  However*  in 
the  channel  assignment  process*  a  D/U  of  +8  dB  should  be  considered  so  that 
this  ratio  conforms  with  the  standard  accepted  value  for  otner  types  of  LrBand 
equipment.  The  category  2  interference  D/U  ratio  (->50  dB)  is  based  on  the 
decoder  characteristics  of  the  PDKB  equipment.  Xt  is  a  pessimistic  value  and 
invariant  of  the  type  of  interferer. 

The  two  sets  of  D/U  ratios  for  category  3  interference  pertain  to  the 
precision  mode  and  enroute  modes  of  operation*  The  precision  mode  D/U  values 
(-60  dB.  >75  dB)  primarily  reflect  the  rejection  characteristics  of  the  dual 
mode  Parris  Discriminator  aircuit*  The  enroute  mods  D/U  ratios  (-37,-41)  was 
derived  from  the  OPR  plot  based  on  the  narrow-band  XF  selectivity  curve  in  the 
enroute  mode.  The  implementation  of  the  enroute  mode  (narrow-band) 
selectivity  in  the  POKE  circuits  is  still  under  development  by  the  Bendix 
Co.  The  interference  thresholds  for  the  Category  4  interference  are  the 
pessimistic  values  because  no  circuit  data  was  available. 

ONE  Avionics  Equipment 

The  D/U  ratio  (8  dB)  for  Category  1  interference  comes  from  the  equipment 
protection  rules  which  are  eventually  linked  with  the  typical  characteristics 
of  the  IF  amplifier  /AGC  circuit.  The  case  of  category  2  and  Category  4 
interference  does  not  apply  for  the  intra-system  ONE  as  trail  as  inter-system 
TACAN/DHE  interactions  because  of  current  channel/frequency  allocation  factors 
in  the  960-1215  HHx  frequency  band. 

The  adjacent-band  interference  (Category  3)  D/U  ratios  were  derived  by 
convolving  a  theoretical  emission  spectrum  (cosine  squared  wave  form  in  time 
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domain)  with  a  general  selectivity  curve  for  the  avionics  receiver.  The 
derived  D/U  ratios  for  the  1-kW  and  100-watt  OKE  equipment  comply  with  the 
ICAO  Annex  10  constraints* (APPENDIX  o)  The  minimum  allowable  performance 
standards  dictate  that  the  undesired  signal  power  should  not  exceed  -  7  <SBW  in 
a  0.S  MX*  bandwidth  with  0.8  MX*  offset  from  its  center  frequency.  It 
therefore,  follows  that  the  100-watt  QMS  has  an  adavantage  of  10  dB  in  the  D/u 
ratio  ove*  the  1-kVf  DMS.  The  additional  cushion  of  10  dB  can  be  useful  either 
in  modifying  the  existing  QMS  waveforms  (permitting  sharper  rise  6  fall  times 
and  better  accuracy)  or  in  reducing  the  stress  on  the  channel  assignment 
process,  tt  should  be  noted  that  the  frequency  rgslgnment  procedures  are 
predicated  on  meeting  the  XCAO  Annex  10  constraints.  The  present  assignments 
assume  that  no  margin  of  10  dB  in  the  D/U  ratio  exists.  This  implies  that 
should  the  basic  DMB  waveform  be  changed  in  the  future  for  whatever  reasons, 
the  deletion  of  the  10  dB  margin  will  negate  any  future  frequency  re¬ 
assignment*. 

The  D/U  ratios  for  the  PDM1  interference  (Category  1  and  category  2)  were 
based  on  processed  Narsc  data.  The  category  2  threshold  value  (-3  dB) 
accomodates  the  characteristics  of  the  worst  performing  avionics  equipment  in 
terms  of  rejection  offered  by  the  decoder  circuit  because  of  safety  of  life 
considerations,  the  D/u  ratios  for  Category  3  interference  were  based  on  the 
minimum  allowable  performance  standards  (i.e.  -  7  duw  interference  level  in  a 
0.5  MHz  bandwidth  at  0.8  mh*  frequency  offset)  rather  than  the  NAPBC  data. 

The  Category  4  D/U  ratios  are  again  the  pessimistic  values. 

TACAN  Avionics  Equipment 

The  derivation  of  D/U  ratios  for  the  TACAN  equipment  is  comparable  to 
that  of  the  DME  equipment.  The  D/U  ratios  for  the  intra-system  TACAM 
interactions  were  extracted  from  the  VORTAC  standards  (Reference  8).  The 
Category  1  D/U  ratio  of  8  dB  comes  from  the  prescribed  protection  rules.  The 
Category  2  and  category  4  interference  do  not  apply  for  the  cases  of  intra¬ 
system  TACAN  and  inter-system  TACAN/DKB  interactions  because  of  present 
channel/frequency  allocation  fatctors.  The  Category  3  interference  thresholds 
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were  based  on  the  minimum  allowable  performance  standards  mentioned  earlier 
for  both  the  1-kW  and  100-watt  interfering  DME  equipment. 

In  the  case  of  interference  from  PDME,  the  D/U  ratios  for  Cateqory  1  and 
Category  2  interference  were  derived  from  the  modified  HRFEC  data,  the 
Category  2  O/tJ  ratio  (6  do)  was  chosen  to  accomodate  the  worst  performing 
equipment  (in  terms  of  rejection  offered  by  the  decoder  circuit)  from  safety 
of  life  considerations.  The  D/U  ratios  for  the  adjacent-band  interference  are 
chosen  on  the  basis  of  allowable  performance  standards  for  Category  * 
interference  and  pessimistic  values  for  the  Category  4  interference. 

The  interference  analysis  of  I/- Band  equipment  encompasses  several  types 
o*  interactions  and  the  D/U  ratios  were  derived  using  several  sources  of 
Information.  The  proposed  D/U  ratios  are  conservative  end  provide  a  useful 
input  for  an  initial  exercising  of  the  channel  assignment  model. 
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APPENDIX  A 

MICROWAVE  LANDING  SYSTEM 


GENERAL 


The  Microwave  Landing  System*  (MLS)  is  comprised  of  range-guidance  and 
ancrle-uuidance  equipment.  The  angle-guidance  equipment  uses  the  Time 
Reference  Scanninq  Beam  (TRSB)  technique  which  provides  precision  azimuth, 
elevation,  and  flare  guidance  to  aircraft  approaching,  landing  at,  and 
denartincr  from  an  airport.  The  angle-quidance  is  provided  in  a  service  volume 
as  shown  in  FIGURE  A-1.  The  system  operates  in  the  5-5.25  GHz  band  with  200 
channels,  es~-h  300  kHz  wide,  designated  for  the  angle-guidance  operation. 

TABLE  ..-1  lists  the  available  angle  receiver  specifications.  The  range- 
quidance  equipment,  called  POME,  is  presently  planned  for  the  L-Band 
frequencies  (960-1215  MHz).  The  functional  characteristics  and  concepts  of 
the  MLR  are  described  below t 


aICAO  Submission  hy  FAA,  contains  detailed  description  of  Microwave  Landing 
System. 
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TABLE  A-1 


MLS  ANGLE  RECEIVER*  SPECIFICATIONS 


Characteristic 

Description 

Input  Freouencv  Range 

5031.00  to  5090.70  MHz 

Number  of  Channels 

200 

Channel  Spacinq 

300  kHz 

Frequency  Stability 

+  50  kHz  max. 

(Long  Term  Stability  1  vr. ) 

(1P.105) 

Channel  Bandwidth  (-3  dB) 

75  kHz  rain. 

Adjacent-Channel  Rejection  (min) 

-60  dB  min. 

Spurious  and  Image  Rejection  (min) 

Below  4750 

75  dB 

4750  to  5000  (Image) 

70  dB 

5000  to  5130  (All  channels 

except  Adjacent) 

75  dB 

5130  to  5350 

70  dB 

Above  5350 

75  dB 

Type  of  channel  Selection 

2  out  of  5 

Type  of  localizer  and  Glide  Slope 

Selection 

serial  hinary 

Max.  Siqnal  Input  (Mixer  Burnout) 

crw 

♦  20  dBm 

Pulse 

+  40  dBm 

*Rendix  Avionics  Division  Maintenance  Manual* 


Angle  Guidance 

The  TRSR  siqnal  Format  is  based  on  the  TO-FRO  scanninq  beam  technique,  in 
which  narrow  fan  beams  scan  throuqh  the  service  volume  in  alternate 
directions.  The  beams  are  scanned  at  hiqh  speed  and  consist  of  a  sinqle, 
unmodulated,  continuous  ratio  frequency  transmission.  The  scanninq  speed  is 
uniform,  startinq  from  one  extermity  of  the  coveraqe  sector  and  movinq  to  the 
other  and  then  beack  aqain  to  the  startinq  point,  thus  producing  a  TO-FRO  scan 
as  shown  in  FIGURE  A-2  for  azimuth.  The  azimuth  beam  scans  first 
counterclockwise  and  then  clockwise,  as  viewed  from  above.  The  elevation  beam 
scans  first  down  and  then  up.  In  every  scanninq  cycle,  two  pulses  are 
received  by  the  aircraft.  The  time  interval  between  the  TO  and  FRO  pulses  is 
proportional  to  the  angular  position  of  the  aircraft  with  respect  to  the 


A-2 


FAA-RD-80-89 


Appendix  A 


TIME  DIFFERENCE  (ATr)  MEASUREMENT 


IS  DIRECTLY  RELATED  TO  AZIMUTH  ANCLE  9 


FIGURE  A-2.  TIME  DIFFERENCE  MEASUREMENT. 
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runway.  An  important  feature  of  the  time-reference-encoded  scanning  beam 
system  is  the  hiqh  data  rate,  13.5  Hz  for  azimuth  and  40.5  Hz  for  elevation. 
These  data  rates  make  it  possible  to  design  simple  airborne  processors  that 
can  minimize  any  multipath  effects  on  quidance  signals. 

All  angle  and  data  functions  are  time-muliplexed  on  the  assigned  radio 
frequency  so  that  a  single  receiver- processor  channel  may  process  all  data. 
Since  each  function  is  an  independent  entity  in  the  time-muliplexed  sequence, 
the  receiver  may  decode  functions  in  any  sequence,  this  is  accomplished  by 
providing  each  function  with  a  preamble  that,  upon  reception,  sets  the 
receiver  for  the  function  which  follows,  the  function  identification  preamble 
is  radiated  on  a  sector  antenna  covering  the  function  guidance  guidance 
volume.  The  scanning  fan  beam  and  the  sector  transmission  are  illustrated  in 
flGURE  A-3. 


(o)  SCANNING  BEAM  (b)  IDENTIFICATION  AND 

ANGLE  DATA  OTHER  DATA  SIGNALS 


FIGURE  A-3.  REPRESENTATION  OF  THE  ANGLE  AND  PREAMBLE 
RADIATION  CHARACTERISTICS. 

All  angular  information  is  essentially  linear  throughout  the  volume  of 
coverage.  Precision  azimuth  angle  guidance  is  provided  to  at  least  +40*,  or  a 
narrower  sector  if  desired.  For  any  installation,  and  particularly  where 
proportional  coverage  is  reduced  for  reasons  of  economy,  left-right  guidance 
information  may  be  provided  over  a  wider  sector.  Precision  elevation  angle 
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guidance,  referenced  to  a  standard  reference  point,  is  provided  from  1®  to  20® 
in  elevation,  over  the  same  sector  that  provides  azimuth  anqle  qui dance. 
Precision  miised-approaeh  azimuth  anqle  guidance,  referenced  to  runway 
centerline,  is  provided  to  at  least  +20*. 

the  proposed  standard  siqnal  format  contains  a  time  slot  for  the  addition 
of  360®  azimuth  and  missed-approach  elevation  quidance  to  meet  potential 
future  requiremnts,  and  the  desiqn  concept  is  sufficiently  flexible  to  permit 
the  implementation  of  alternate  means  for  providinq  a  360*  azimuth  capability 
for  particular  national  requirements.  Such  an  alternative  could  be 
implemented  at  C-Rand  with  either  electronic  or  mechanically  scanned  antennas 
and  could  be  made  compatible  with  standard  receivers  by  a  simple  processor 
augmentation. 

RANGE  DBTBRMI NATI 0W 


Ranqe  information  is  obtained  in  suitable  equipped  aircraft  in  the 
conventional  manner  by  measurinq  the  round  trip  time  between  the  transmission 
of  interroqation  pulses  from  the  aircraft  and  reception  of  correspondinq  reply 
pulses  from  a  qrnund  transponder.  The  qround  transponder  is  typically  located 
near  the  step  end  of  the  runway  collocated  with  the  approach  azimuth  system. 

An  L-Rand  Distance  Measurinq  Equipment  (DME)  that  is  compatible  with  existinq 
dmp  equipment  and  provides  improved  accuracy  and  channelization  capabilities 
is  the  choice  for  impl ementation.  Since  the  same  equipment  is  used  for 
approach  and  landinq  as  well  as  enroute  naviqation,  the  airborne  user  can 
utilize  the  operational  capabilities  of  MLS  at  significant  cost  savinqs. 

Lower  levels  of  service  may  he  obtained  without  WE  by  the  use  of  marker 
heacons  to  indicate  proaress  on  an  approach. 

The  U.S.  has  also  developed  a  C-Rand  DME.  While  it  is  the  U.S.  view  that 
every  effort  should  be  made  to  utilize  L-Rand  DME  for  the  MLS  ranqing 
function,  C-Band  DME  remains  as  an  element  of  the  MLS  siqnal  format  in  the 
event  that  L-Band  DME  cannot  be  implemented.  Should  it  be  decided  later  that 
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there  is  no  need  fojr  OBand  DME,  appropriate  deletions  from  the  signal  format 
can  he  made. 

FLARE  GUIDANCE 

The  TRSB  siqnal  format  includes  a  flare  element  (El-2).  Flare  elevation 
eauipment  was  tested  in  the  U.S.  MLS  development  program  to  demonstrate  the 
feasibility  of  providing  such  a  signal.  A  Ku-Band  system  was  developed  in  the 
United  States  and  a  C-Band  system  in  Australia.  It  is  considered  that  C-Band 
is  the  appropriate  choice*  as  it  offers  major  economies. 

DATA 


TRSB  has  an  extensive  data  capability.  Data  is  transmitted  to  all 
aircraft  within  the  coverage  sector  (FIGURE  A-1)  using  Differential  Phase 
Shift  Keying  (DPSK)  modulation.  Essential  data  is  included  in  function 
preambles.  It  is  decoded  by  all  user  aircraft.  Basic  and  auxiliary  data  are 
time-multiplexed  with  the  angle  functions  and  contain  information  for  more 
comnlex  services  such  as  miased-approach  and  curved  paths.  Ibis  information 
includes  the  status  of  the  ground  equipment  and  siting  geometry.  Considerable 
growth  potential  is  available  in  the  data  format. 
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APPENDIX  B 

ANALYSIS  OF  ADDITIONAL  CASES  OF  MLS  CONFIGURATIONS/ERROR  BUDGETS 

In  the  duration  of  this  effort,  a  fee  additional  cases  of  MLS 
configurations  and  error-budgets  regained  Under  consideration  on  a  tentative 
basis*  This  appendix  presents  the  interference  threshold  analysis  carried  out 
for  the  additional  cases  of  ML8  configurations  error-budgets  labeled  as  'Case 
V  and  'Case  2'« 

TABLES  B-1  and  B-2  describe  these  cases  in  terms  of  nomenclature  of  NL8 
configurations  associated  guidance  functions#  antenna  beam  widths  and  CMN 
error  budgets.  It  may  be  noted  that  Case  1  has  a  larger  number  of  MLS 
configurations  and  functions  oostpared  to  the  Case  2.  Furthermore#  case  1  has 
CNN  error  budget  prescribed  for  RF  interference  only  whereas  Case  2  has  error 
budget  allocated  for  RF  interference  as  well  as  system  aberrations. 

Case  1  Interference  Analysis 

The  adjacent-band  analysis  of  Case  1  MLS  configurations  was  based  on 
TABLE  B-1  data  and  Equations  1,  2  and  3  of  Section  2.  The  interference 
threshold  results  at  function  level  are  listed  in  TABLE  B-3.  These  results 
indicate  that  at  function  level#  the  desired  scan  beam  (aximuth  function) 
channel  of  the  Mf#S  Small  community  configuration  it  more  vulnerable  to 
interference  especially  from  the  undesirable  preamble/data  signals.  The  D/U 
values  at  system  level  may  be  obtained  by  combining  the  results  of  TABLE  B-3 
with  the  adjustment  factor  X  (TABLE  S)  and  using  Equation  4.  The  assumption 
made  in  this  approach  will  be  that  ERP  data  of  MLS  full  capability 
configuration  and  minimus  capability  configuration  are  synonymous  with  that  of 
MLS  Expanded/Basic  and  Snail  Community  configurations#  respectively. 

The  cochannel  interference  analysis  was  based  on  Equation  8  and  TABLE  B-1 
data.  The  D/U  results  at  function  level  are  listed  in  TABLE  B-4.  In  this 
case,  the  Small  Community  and  Basic  MLS  configurations  are  more  susceptible  to 
RF  interference  at  function  level. 
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TABLE  B-l 


CASE  li  MLS  CONFIGURATIONS ,  FUNCTIONS,  ANTENNA 
BEAMWIDTHS  ( + )  AND  CONTROL  MOTION  NOISE  (CMN) 
ERROR  BUDGET** 


Funet ion 

expanded 

basic 

(Wide 

Aperture) 

Configuration 

Rasic 

(Narrow 

Aperture) 

Small 

Community 

* 

Miimith  1 

1* 

1* 

2* 

3* 

nw 

.04* 

.04* 

•  OS* 

0.1* 

& 

Kl«v«tior 

1* 

1* 

1.5* 

2* 

CMN 

,05* 

.OS* 

.OS* 

0.1* 

❖ 

Pltrt 

0.5* 

N/A 

N/A 

N/A 

CMN 

0.2* 

N/A 

N/A 

N/A 

b*acic  4 

Azimuth 

3” 

N/A 

N/A 

N/A 

Not* I  NA  «  Not  Applicable. 


*cw  budaet  due  to  BF  interference 

h«*cH  azimuth  r*f*r*  to  wildene*  for  ”miss*d  approach” 


TABLE  B-2 


CASE  2:  MLS  CONFIGURATIONS,  ANTENNA  BEAMWIDTHS 
( *)  AND  CMN  ERROR  BUDGET 


Configuration  ] 

Function 

Full  Capability 

Minima*  Capability 

BU 

1* 

3* 

Azimuth 

Case  2 
CNN 

0.05**  t  0.2*h 

0.05**  a  0.2*b 

ro» 

1* 

1* 

elevation 

Case  2 

CNN 

0.05*  S  0.2* 

0.05*  a  0.2* 

*CHN  budget  due  to  Iff  interference. 


bCNN  budget  due  to  system  aberrations. 


*  National  Plan  for  Pevelopswnt  of  Microwave  T ending  System,  FAA-ED-07-JA, 
June  IS7B, 
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TABLE  B-3 

CASE  It  rtRST  ADJACENT-CHANNEL  INTERFERENCE  THRESHOLDS 

AT  FUNCTION  LEVEL 


D/a  •  Processor 

0/0  •  IP  Stans 

O/U  •  Receiver  Input 

Tyne  of  Interaction 

Terminal  1*  (do) 

Terminal  2*  (dP> 

Terminal  3d  (da) 

1.  expanded  and  basic 

(Hide)  Configuration 

Asimuth  Function 

17.6 

10.0 

-15.0 

"eo'v,*°io 

17.6 

10.0 

-21.2 

SlavAtlon  Function 

t,«rv«“pao 

14.0* 

6.4 

-30.6 

o^'va-n,,, 

14.0 

6.4 

-24.8 

FUr*  Unction  (RxptiWM  Configuration  Only) 

*,tN“v*’°SN 

14.0 

9.3 

-39.7 

|Jro_v,*Dsn 

14.0 

5,3 

-25.9 

Prti*bU/DAtft  Function 

"i»-''s-tV, 

H/A 

7.0® 

•38.0 

,’»D"'r"'DTO 

N/A 

7.0 

-24.2 

)>  naalc  (Narrow  Aperture 

') 

confiouration 

Asimuth  function 

"3,-vs-Dga 

17,6 

10.0 

-35.0 

"sD“v,*n»B 

17.6 

10.0 

-21.2 

Xlayaticn  function 

('an-va-Dp, 

14.4 

6.8 

-3*. 2 

•'^p-vs-Ogn 

14.4 

6.N 

>24.4 

frsamble/Datn  function 

(Same  ns  in  Section  4) 

3.  tasll  -oeeswitv 

ronf  larurat  ion 

Asimuth  function 

"<m*v*'ns* 

10.2 

11.6 

-33.4 

"pn-vs-Ojp 

19.2 

11.6 

-19.6 

elevation  function 

, 

"s,-vs-nOT 

14.0 

6.4 

-38.6 

"n^-vs-r>5« 

14.0 

6<4 

-24.8 

*A  ratio  of  14  dn  is  an  esaentlal  preraauiaita  for  tha  processor  to  h«n<Ue  any  information 
in  •  sinoln  scan  in  ths  S»  channel*  (nandis  Co,  j  Internal  Neeoramhie  No.  1C8-ICAO-077, 
!ieeamher  197ft), 


*A  ratio  of  1  e  is  essential  for  satisfactory  process inn  of  information  in  the  TO  channel, 
(fendis  f*o. ,  mu  reference  noted  above). 

CN/A  -  not  apolicahle. 

^See  riWNB  1,  for  terminal  identification. 
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TABLE  B-4 

CASE  It  COCHANWEL  INTERFERENCE  THRESHOLDS 


Configuration 

Function 

Constraining 
D/U  (dB) 

Expanded  and  Basic 

Asimuth 

21.9 

(Wide  Aperture) 

Elevation 

20.0 

Flara 

21.9 

Basic 

Asimuth 

21.9 

(Narrow  Aparture) 

Elsvstion 

23.5 

Small  Community 

Asimuth 

23.5 

Elsvstion 

20.0 

The  cochannel  interference  analysis  wee  based  on  Equation  8  and  TABLE  B-1 
data.  The  D/U  results  at  function  level  are  listed  in  table  b-4.  In  this 
case#  the  Small  Community  and  Basic  MLS  configurations  are  more  susceptible  to 
RF  interference  at  function  level. 

These  results  may  also  he  transformed  to  system  level  D/U  ratios 
employing  the  previously  discussed  procedure. 

Case  2  Interference  Analysis 

The  Case  7  MLS  configurations  and  associated  parameters  are  given  in 
TABLE  n-2.  The  data  of  TABLE  B-2  along  with  Equations  1,  2  and  3  of  Section  2 
were  used  for  determining  the  interference  thresholds  at  function  level  and 
the  results  are  listed  in  TABLE  B-5.  These  results  can  be  transformed  to 
system  level  D/U  ratio  employing  the  previously  discussed  procedure. 

The  cochannel  interference  analysis  was  based  on  Equation  8  and  TABLE  B-2 
data.  The  calculations  show  that  the  function  level  D/U  ratios  for  the 
desired  Full  Capability  and  Minim*  Capability  MLS  configurations  are  20  dB 
and  29.5  dB,  respectively.  The  function  level  D/U  values  can  be  readily 
transformed  into  the  system  level  D/U  values. 
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TABLE  B-5 

CASE  2:  FIPST-ADJACENT-CHANMRI.  IKTRRPRRENCE  THRESHOLDS 
AT  riWCTIOH  LEVEY* 


Type  of 
Interaction 

Desired 

Function 

D/U  ( 

Minimum  Capability 
Configuration 

dB) 

Full  Capability 
Configuration 

USB“v*”DSB 

Arimuth 

-27.4 

-36.9 

yDP“/*”*5SP 

Aeimuth 

-13.4 

-22.9 

usn',to"DSB 

Elevation 

-32.2 

-41.7 

nDp-v5-DSB 

Elevation 

-18.2 

-27.7 

ng^-ve-Opo 

Preamble/ 

Data 

-38.0 

-38.0 

^n-ve-Opo 

Preamble/ 

Data 

-24.0 

-24.0 
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APPENDIX  C 

TACAN,  CONVENTIONAL  CMS  AND  POME  SYSTEMS 


TACAN/DME  DESCRIPTION 


The  TACAN,  conventional  ONE  and  POME  equipment  operate  in  the  L-Bahd 
frequencies.  The  DMS,  usinq  the  960-1215  MHa  band,  is  the  internationally 
accepted  means  used  by  a  pilot  or  naviqator  to  determine  the  slant  range 
between  the  aircraft  and  a  known  ground  location.  In  the  United  states,  the 
one  ground  station  is  usually  Integrated  with  the  VHP  Omnidirectional  Radio 
Range  (VOR) .  TACAN,  a  O.S.  military  and  NATO  navigation  system.  Incorporates 
the  international  IMS  with  a  bearing  determination  system  and  operates  in  the 

a 

960-1215  NRs  band.  A  ONE  ground  station  can  also  be  associated  with  an 
Instrument  Landing  System  (XL8)  installation  as  the  subsystem  that  provides 
the  pilot  with  distance  to  the  runway.  TACAM/DHB  operation  requires  an 
Interrogator  in  the  aircraft  and  a  transponder  on  the  ground.  Slant  range  to 
the  ground  station  is  obtained  by  interrogating  the  transponder  with  a  pulse 
pair  with  the  proper  spacing.  The  transponder  receives  and  decodes  each 
interrogation  and  transmits  a  reply  of  a  pulse  pair  of  the  proper  spacing. 

The  interrogator  receives  the  reply  end  determines  the  distance,  based  on  the 
time  between  transmission  of  the  Interrogation  and  the  reception  of  the  reply 
including  the  delay  in  the  transponder.  Distance  in  nautical  miles  is 
displayed  to  the  pilot  after  several  returns  are  correlated. 

The  interrogator  determines  the  range  to  the  ground  station  based  on 
replies  to  its  interrogations.  The  Interrogation  rate,  is  at  most,  30/second 
except  when  initially  trying  to  obtain  distance  information  from  the 
transponder.  In  this  search  condition,  the  rate  may  reach  a  max lew  of 
ISO /second.  Since,  aa  discussed  subsequently,  the  transponder  transmits  at  a 
constant  duty  cycle,  the  interrogator  has  the  capability  to  identify  the 
synchronous  replies  to  its  interrogations  from  the  many  ground  station 


13  December  1967. 
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transmissions.  To  avoid  mistaking  replies  to  other  aircraft  interrogations  or 
sauitter  pulse  pairs  for  the  dasired  synchronous  returns,  the  interrogation 
rate  of  each  interrogator  is  jittered  by  using  a  noisy  sourae  (e.g.,  400  He 
line  voltage)  to  control  the  rate.  The  bearing  to  the  ground  station  from  the 
aircraft  is  determine'  by  the  interrogator,  based  on  reference  signals 
transmitted  by  the  TACAN  or  VORTAC  transponder. 

TACAN  transponders  operate  with  a  constant  duty  cyole,  transmitting  2700 
reolles/second  with  an  additional  900  pulse-pairs/second  for  reference 
hursts.  The  constant  duty  cycle  maintains  the  integrity  of  the  bearing 
signals  for  360*  and  also  allows  the  interrogator  AGC  to  adjust  the  receiver 
aain  for  that  transponder.  When  no  interrogators  are  interrogating  the 
transponder,  squittar  replies  are  transmitted  to  maintain  the  duty  cycle.  As 
more  interrogators  require  distance  Information,  valid  replies  replace  the 
squitter.  Zf  the  total  interrogation  rate  is  such  that  the  reply  rate  would 
exceed  2700/second,  then  the  transponder  reduces  its  sensitivity  until  the 
rate  is  maintained  at  2700/second.  The  pulse  used. in  these  systems  is  usually 
Gaussian/cosine  squared.  The  spectrum  of  the  pulse  transmitted  from  the 
transponder  is  controlled  by  the  International  Civil  Aviation  Organisation 
(ICAO)  specification  (Reference  4). 

The  960-1213  MHs  band  is  "reserved  on  a  worldwide  basis  for  the  use  and 
development  of  airborne  electronic  aids  to  air  navigation  and  any  directly 
associated  ground-based  facilities."10  Presently,  only  two  systems  have 
allocations  in  the  bandt  secondary  surveillance  radar  on  1030  and  1090  MHs, 
and  TACAN/DMB  with  252  channels  between  962  and  1213  MHz.  Of  the  252 
TACAN/0MB  channels,  half  are  X-mode  operation  and  half  for  Y-mode  operation  as 
seen  in  FIGURE  Ol .  The  terms  "X-mode"  and  "Y-mode”  indicate  the 
characteristics  of  the  pulse  pairs,  the  channel  frequency,  and  the  transponder 
delay.  (See  TARLB  C-1).  TACAN/DMB  equipment  X-mode  has  pulse-pair  spacing  of 


°Manual  of  Regulations  and  Procedures  for  Radio  Frequency  Management, 
Office  of  Telecommunications  Policy,  Executive  Office  of  the  President, 
September  1976. 
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12  us  for  air-to-ground  (A/G,  interrogate)  as  well  as  ground-to-air  (G/A, 
reply)  links.  The  G/A  frequencies  are  placed  in  1-MHz  increments  between  962- 
1024  MMa  and  1151-1213  MHz.  The  corresponding  A/G  Frequencies  are  located  in 
the  center  band,  1025-1150  MHz.  Tbe  frequency  separation  between  G/A  and  A/G 
links  for  a  particular  channel  is  63  MHz. 


TABLE  C-1 
MODES  DEFINITION 


Mode 

Interrogator 

Pulse  Pair 

Spacing 

(us) 

Transponder 

Pulse  Pair 
Spacing 
(Us) 

Delay  In 
Transponder 
(  Us) 

X 

12 

12 

60 

y 

36 

30 

56 

z 

18 

30 

38 

PDME  DESCRIPTION 


PDME  is  based  on  the  evolution  of  the  DME  principle.  It  is  a  multi-mode 
range  measurement  system  (precision  mode  and  enroute  mode  or  normal  mode) 
compatible  with  conventional  DMF  and  obtains  increased  accuracy  by  a  pulse 
shape  modification.  At  the  circuit  level,  the  precision  mode  differs  from  the 
enroute  mode  in  terms  of  front-end  stage  sensitivity,  bandwidth  and 
thresholdino  levels  at  the  ranging  stage.  It  operates  at  L-Band  frequencies 
between  960  MHz  and  1215  MHz  and  on  the  same  RE  channels  as  TACAN  and  DME. 
TABLE  C-2  lists  the  available  PDME  interrogator  and  transponder 
specifications.  Tbe  channel  plan  eventually  selected  for  the  PDME  will  evolve 
from  the  PDME  standardization  activity  presently  underway  with  the 
International  civil  Aviation  organization. 

In  1972,  the  FAA  sponsored  a  program  to  determine  the  feasibility 
POME.  As  part  of  this  program,  analytical  results  were  obtained  which 
lemonstratel  that  PDME  requirements  could  be  met  within  the  current  navigation 
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TABLE  C-2 

POME  SPECIFICATIONS3 


Interrogator  Equipment 


Characteristic 

Description 

Operating  Frequency 

060-1215  MHz 

Numher  oF  Channels 

200 

Frequency  Control 

2/5 

|  Channel  Tune  Time 

10  ms 

i  Transmitter  Peak  Power 

120  Watts  (nominal) 

Receiver  Sensitivity 

-74  dRr>  Precision  mode; 

-84  dftn  enroute  mode 

IF  Frequency 

63  MHz 

I F  Bandwidth 

3.5  MHz  Precision  mode; 

350  kHz  enroute  mode 

Threshold 

-20  dP  &  -6  dB 

Acoulsitlon  Time 

Less  than  1  s 

Dynamic  Tracking 

0-600  kts 

Memory 

(1  sec  MLS) 

Search  Time/Cycle 

Less  than  one  second 

Search  pppf 

64  Hz 

Track-Lock,  PPPF 

16  Hz( Enroute); 

40  Hz  (Precision) 

Selectivity  curves 

See  FIGURE  22 

Transponder  Equipment 

r  Transmitter  Peak  Power  (watts) 

100 

Sensitivity  (dBm) 

-80 

Noise  Figure  (dP) 

10 

Receiver  Bandwidth  (kHz) 

3500 

Adlacent  Channel  Reiection  (dP) 

80  (  Rath  nodes) 

1st  IF  Frequency  (MHz)  (Log) 

63  i 

?nd  if  Frequency  (MHz) 

10.7 

Spurious  Reiection  (dP) 

75 

Decoder  Bandwidth  (kHz) 

350 

Time  nelav  Steps  (s) 

0.02 

Wave  Shape  (1st  Pulse) 

cos/cos^ 

(2nd  Pulse) 

COS  /C08 

Spurious  Radiation  (dP) 

-60 

Oeiav  .Stability  (Long  Term) 

+0.01  ps 

Frequency,  Receive  (MHz) 

1025-1150 

Frequency,  Transmit  (MHz) 

862-1713 

Emission  Spectra  ( theoretical ) 

See  FIGURE  21 

^en+ix  Avionics  Division,  Maintenance  N&nual,  I.p. 1157b. 


^'aria*-’.  e,  delay  and  compare. 
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band.^'12'^2  The  substance  of  these  findings  were:  pulse-code  multiplexing 
(TABLE  C-1)  for  creating  non- interfering  channels;  sharp  rise  time  pulses 
combined  with  wide  bandwidth  processing  and  low  thresholds  for  multipath 
immunity;  and  the  use  of  the  dual-mode  Ferris  Discriminator  for  simultaneous 
narrow-band  channel  selectivity  and  wideband  selectivity  and  wideband  signal 
processing. 

The  idea  to  achieve  compatibility  with  the.  ICAO  Annex  10  adjacent-channel 
specification,  while  simultaneously  providing  sharp  rise  time  pulses,  was 
conceived  by  Crow.^  His  idea  was  based  upon  a  composite  pulse;  that  is,  a 
Gaussian-like  pulse  was  to  be  superimposed  upon  a  low-level,  sharp- rise-time 
pulse.  The  low-level,  sharp-rise- time  pulse  component  confines  the  spectral 
energy  while  providing  multipath  immunity  at  near  range  where  the  signal  level 
is  higher.  Palmeri1^  implemented  the  study  results  of  Hirsch  and  Crow  and 
demonstrated  that  their  ideas  were  valid.  "**e  "delay  and  compare"  pulse  time- 
of-arrival  thresholding  technique,  currently  proposed  for  PDME,  was  first  used 
in  the  U.S.  MLS  program  by  Bendix/Bell  in  their  C-Band  Phase  II  DME 
feasibility  hardware.  The  airborne  interrogator  for  PDME  application  was 
designed  and  developed  by  Benclix.  This  equipment  was  analyzed  in  terms  of 
interference  thresholds  in  this  effort. 


^Hirsch,  C. ,  L-Bar.d  DME  for  the  Microwave  landing  System,  FAA  Oontract 
W1-7 1-3086-1 ,  Final  Report,  February  1972. 

12Hirsch,  C. ,  Experimentation  for  Use  of  L-Band  DME  with  the  Microwave 
Landing  System,  FAA  Oontract  W1-74-1245-1 ,  Final  Report,  April  1974. 

,3Hirsch,  C.,  L-Band  MLS/ DME  Compatible  with  ICAO  Annex  10,  prepared  for 
Automation  Industries,  Inc.  Vitro  Laboratories  Division,  Final  Report, 
October  26,  2975, 

^Crow,  R. ,  Precision  L-Band  DME  Meeting,  ICAO  Format  Requirements, 

Contract  VL-SC-1170,  February  20,  1976. 

^Vitro  Report,  July  1975.  Palmeri,  C.A.,  Evaluation  of  L-Band  DME  for  MLS, 
Hazeltine  Report  11083. 
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APPENDIX  D 

DME  AVIONICS  RECEIVERS: 

RASIS  OF  ADJACENT- CHANNEL  INTERFERENCE  THRESHOLDS 

’Hie  pulse  used  in  radio  navigational  systems  (e.q.,  TACAN,  DME)  has  the 
characteristics  shown  in  FIGURE  D-1.  The  shape  is  Intended  to  be  cosine 
squared  or  Gaussian  type.  The  spectrum  of  the  pulse  is  controlled  by 
International  Civil  Aviation  Organization  (ICAO)  specification  enumerated 
below: 


"The  spectrum  of  the  pulse-modulated  signal  shall  be  such  that  during  the 
nulse  the  effective  radiated  power  contained  in  a  0.5  MHz  band  centered  on 
'reauencies  0.8  MHz  above  and  fl.8  MHz  below  the  nominal  channel  frequency  in 
each  case  shall  not  exceed  200  milliwatts,  and  the  effective  radiated  power 
contained  in  a  0.5  MHz  band  centered  on  frequencies  2.0  MHz  above  and  2.0  MHz 
below  the  nominal  channel  frequency  shall  not  exceed  2.0  milliwatts.  Any  lobe 
of  the  spectrum  shall  be  of  leas  amplitude  than  the  adjacent  lobe  nearer  the 
nominal  channel  frequency." 


A  theoretical  emission  spectrum  of  the  cosine  square  pulse,  f(t),  with 
the  period  tQ  was  derived  on  the  following  lines: 


f ( t )  3  cos 


2  "t 


V2  +  V2  COS  2tt  jj — 


vow 


cos  <0  t  = 

O 


2j_ 

u> 

o,  , 

j<*>  t  -  j'*>  t 

O  O 

e  +  e 


(D-1) 


(D-2) 


Prom  D-1  and  D-2: 


jw  t  -ju>  t 

f(t)  =  1/2  +  1/4  e  °  +  1/4  e  ° 


(D-3) 
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The  Fourier  Transform  of  Equation  D-3  is: 


F(  o)  “  -  sin 


TT(0  1 

TT'i) 

_ 1 _ —  J 

In  — 

to  2  (i»H-to  )& 

o  o 

n 

w 

o 

2 (total  ) 
o 

Ln 

n) 

Q 

Sinoiif/inr  Equation  0-4 


sin  u 


sin  Tift 


where  Ap  Is  the  constant  of  value  to. 


(n-4) 


(D-5) 


0  9  A  - 


V  3 .i>i0.5fis 


- 5A 


0.1  A  -m 


r,  •  :  2  5  fL% 


t.  “  =  2  5  ft  s 


'This  is  nominal  value 
not  to  exceed  3  ps; 
rise  or  fall  time  with 
the  minimum  value 
governed  by  the  spectral 
requirements 


FIGURE  D-1.  PULSE  CHARACTERISTIC  (TIME  DOMAIN) 
OF  AERONAUTICAL  RADIONAVIGATION 
TRANSMITTER. 


roc  analysis  purposes,  two  time  waveforms  with  half  amplitude  points  at 
3.S  microseconds  and  at  3  microseconds  per  FIGURE  D-1  specifications  were 
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considered.  The  rise  and  fall  times  (between  10  to  90%  points)  for  these 
waveforms  were  2.06  microseconds  and  1.77  microseconds,  respectively.'  Hie 
spectra  for  these  time  waveforms  were  calculated  from  Equation  D-5  and  these 
are  shown  in  FIGURES  D-2  and  D-3.  Hie  calculations  were  also  made  to 
determine  the  amount  of  power  in  the  adjacent  channels  to  verify  compliance 
with  ICAO  Annex  10  constraints. 

The  equations  used  for  the  power  were: 


P 


A1 


/1. 05 

y2  Erp 

q*  r2(f)df 


(D-6) 


PAt'  PA2  ~  power  in  the  first  and  second  adjacent  channels, 
respectively  (milliwatts) 

ERP  =>  effective  radiated  power  from  ground  equipment 
F(f)  =  spectral  function  as  derived  in  Equation  D-5 
f  *»  la'  ^qency  representing  trailing  line  of  the 

emission  spectrum. 

The  integration  limits  are  obtained  from  the  spectral  specification.  Hu* 
sample  calculations  for  PA1  and  were  made  for  the  TACAN  ground  equii>ment 
with  an  ERP  of  74.4  dBm.  Hie  results  showed  that  for  a  3.5-microsecond  pulse, 
the  power  (PA1,  PA2*  *-n  adjacent  channels  was  about  131  mW  and  .02  mW, 
thereby  meeting  the  ICAO  requirements. 


D-3 


FIGURE  D-2 .  THEORETICAL  EMISSION  SPECTRUM  OF  COSINE-SQUARE  PULSE. 

(PULSE  WIDTH  3.5  US  BETWEEN  HALF  AMPLITUDE  POINTS;  RISE 
TIME  2.06  „s  BETWEEN  10%  TO  90%  POINTS.) 
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FIGURE  D-3,  THEORETICAL  EMISSION  SPECTRUM  FOR  COSINE  SQUARE  PULSE. 

(PULSE  WIDTH  3  us  BETWEEN  HALF  AMPLITUDE  POINTS;  RISE 
TIME  1.77  us  BETWEEN  10%  AND  90%  POINTS.) 
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Hie  qeneral  selectivity  of  the  bflE  avionics  receiver  was  considered  to  be 
the  same  as  that  of  TACAN  receivers  because  these  receivers  fall  in  the 
category  of  radionavigatlonal  avionics  equipment.  The  following  steps  were 
involved  in  deriving  the  general  selectivity  curve. 


1.  The  composite  emission  spectra  of  TACAN  were  obtained  by 
combining  a  theoretical  spectrum  with  the  spectrum  filter  characteristics 
provided  by  FAA.16  A  sample  composite  spectrum  is  shown  in  FIGURE  D-4. 

2.  An  OFR  plot  (FIGURE  0-5)  was  formulated  based  on  TACAN  protection 
rules  (Reference  10).  For  instance,  the  adjacent  channel  protection  rules  D/U 
“  -42,  -50  dB  with  respect  to  on-channel  power  levels  forms  the  basis  of  OFR 
plot. 

3.  General  selectivity  curves  were  obtained  by  graphically  combining 
the  composite  emission  spectra  and  the  OFR  plot.  A  sample  selectivity  curve 
is  shown  in  FIGURE  r>-6. 

The  adjacent-channel  interference  thresholds  for  the  dme  avionics 
receiver  were  determined  by  using  FDRCAL®  program.  The  inputs  to  this  program 
were  the  data  points  from  the  theoretical  cosine-square  emission  spectrum  (for 
3-microsecond  and  3.5-microsecond  pulses)  and  from  the  general  selectivity 
curves.  The  results  of  this  analysis  are  listed  in  TABLE  0-1.  The 
oessimlstic  OFR  values  for  the  3.5-microsecond  rise  time  pulse  are  -47.4  dB 
and  -55.5  dB  for  the  first  and  second  adjacent  channels,  respectively.  The 
on-channel  (Category  1)  interference  threshold  is  8  dB  as  derived  in  the 
orevious  section  ('"ABLE  ...).  It  implies  that  the  Interference  threshold 
values  for  the  first  and  second  adjacent  channel  are  -39.4  dB  and  -47.5  dB  for 
the  1-'<w  DMF  unit.  Similar  results  were  noted  for  3-microsecond  rise  time 
pulse  as  shown  in  TABLE  0-1. 


Characteristics  of  ^ACAN  Ground  Transmitters  Spectrum  Filters,  FAA, 
Branch  < NA-320,  June  19,  1979. 
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There  are  DME  equipment  (e.q.  Terminal  and  ILS  equipment)  that  operate 
with  a  low  transmitter  power  of  100  watts.  The  preceding  analysis  showed  that 
the  1-kW  DME  equipment  did  not  violate  the  ICAO  annex,  10  spectral  constraints 
fi.e.  -7  dBW  in  the  0,5  MHz  bandwidth  at  the  0,8  MHz  frequency  off-set). 
Furthermore  the  D/U  ratios  were  determined  to  be  -39  dB  and  -47  dB  for  the 
first  and  second  adjacent  channels  respectively.  These  results  suqqest  that 
with  100-watt  DME  equipment,  it  should  be  possible  to  have  faster  rise/fall 
time  probe  pairs  and  still  comply  with  the  Annex  10  constraints.  The 
interference  thresholds  for  the  100-watt  DME  equipment  are’-29  and  -38  dB  for 
the  First  two  adjacent  channels.  It  implies  that  the  100-watt  DME  has  an  edge 
of  10  dB  on  power  basis,  regardinq  protection  from  interference,  over  the  1-kW 
DME  unit,  nrovided  the  same  pulse  shape  is  used.  Ibis  feature  will  negate  any 
fnture  frequency  reassignments,  should  the  basic  DME  waveform  be  changed  for 
anv  reason. 
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APPF.NDTX  P. 

FREQUENCY- DEPENDENT  REJECTION  (FDR) 

It  is  often  useful  to  estimate  the  impact  of  an  undesired 
radiating  source  on  a  potential  victim  receiver  in  terms  of  the 
power  level,  referred  to  the  receiver  input  port,  of  an  "equiva¬ 
lent”  on-tune  CW  source  (i.e.,  the  input  power  level  of  an  on- 
tune  CW  source  that  would  result  in  the  same  average  power,  mea¬ 
sured  at  the  second  detector  input,  as  would  the  potential  inter¬ 
fering  transmission).  In  many  situations,  this  "equivalent"  input 
power  can  be  compared  to  the  receiver  sensitivity  or  to  the  level 
of  the  desired  carrier  (also  referred  to  the  input  port),  to  esti¬ 
mate  the  probability  of  interference  due  to  that  source. 

The  calculation  of  the  equivalent  on- tune  power  level  is 
facilitated  by  the  ^valuation  of  a  term,  frequency-dependent  re¬ 
jection  (FDR,,  that  accounts  for  the  fact  that  not  all  of  the 
energy  incident  on  the  receiver  input  port  is  accepted  by  the 
potential  victim  receiver.  FDR  may  be  further  subdivided  into 
two  terms,  off- frequency  rejection  (OFR)  and  on- tune  rejection 
(OTR) .  The  first  accounts  for  the  loss  of  energy  due  to  any  de¬ 
tuning  of  the  potential  culprit  transmitter  from  the  potential 
victim  receiver.  The  second  accounts  for  the  fact  that  the  emis¬ 
sion  spectrum  of  the  transmitter  may  be  substantially  broader  than 
the  receiver  bandwidth  so  that,  even  if  receiver  and  transmitter 
are  cotuned,  only  a  fraction  of  the  incident  energy  will  be  ac¬ 
cepted.  The  definitions  for  FDR,  OTR,  and  OFR  arc  as  follows. 

FDR  depends  on  the  detuning,  and  is  the  rejection  provided  by 
a  receiver  to  a  transmitted  signal  as  a  result  of  both  the  limited 
bandwidth  of  the  receiver  with  respect  to  the  emission  spectrum 
anu  the  specified  detuning. 
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OTR  is  the  rejection  provided  by  a  receiver  selectivity  char¬ 
acteristic  to  a  cotuned  transmitter  as  a  result  of  an  emission 
spectrum  exceeding  the  receiver  bandwidth. 

OFR  is  the  rejection,  over  and  above  the  OTR,  provided  by 
specified  detuning  of  the  receiver  with  respect  to  the  transmitter. 

Precise  mathematical  definitions  suitable  for  FOR,  OTR,  and 
OFR  are  as  follows. 

t 

Frequency-dependent  rejection,  in  dB: 


FDR(Af)  dSf  10  log, 


S(f)df 


m 

f  S(f)R(f  ♦  Af)df 


(E-l) 


where 


S(f)  transmitter  power  density  spectrum,  in  watts/H: 

R(f)  receiver  selectivity  with  the  receiver  timed 

to  the  transmitter  frequency,  i.e.,  the  on- 
tune  CW  input  power  required  to  produce  a 
standard  response,  divided  by  the  input  power 
at  frequency  f  required  to  produce  a  standard 
response 
def 

if  *  difference  between  transmitter  and  receiver 
tuned  frequencies,  in  Hz. 
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On-tune  rejection,  in  dB: 


OTR  a*r  10  log  1(J 


S(f)df 


S(f)R(£)df 


(P-2) 


Off- frequency  rejection,  in  dB: 


OFR(Af)  d*f  10  log. 


7 


S(f)R(f)d£ 


S(f)R(f  ♦  Af)df 


(E-3) 


Frequency-dependent  rejection,  in  dB: 


FDR(Af)  OFR(Af)  ♦  OTR. 


(B-4) 


E-3/E-4 
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TRANSPONDERS:  A  GENERAL  DISCUSSION  OF  INTERFERENCE  THRESHOLDS 

1  7 

The  national  standards  on  the  VORTAC  systems  do  not  specify  the 
performance  of  transponders  in  the  presence  of  inter-system  interference  as 
done  for  the  interrogators*  The  service  provided  by  the  transponders  depends 
«  on  the  reply  efficiency  (70%)  which  is  defined  as  the  desired  synchronous 

reply  rate  divided  by  tho  desired  interrogation  rate.  The  susceptibility  of 

*  transponders  to  interference  can  be,  therefore,  measured  in  terms  of  reduction 
in  the  reply  efficiency  and  the  effect  on  the  sensitivity  and  the  dead  time 
generated  in  the  circuits*  The  aircraft  traffic  load  enhances  the 
interference  PRF  which  affects  the  parameters  mentioned  above. 

The  typical  building  blocks  of  transponder  equipment  include  front-end 
stages  (RF/IF/echo-suppression),  Perris  Discriminator,  decoder,  and  biasing 
circuits.  Therefore  the  analytical  determination  of  an  interference  threshold 
for  transponders  will  depend  on  knowing  the  characteristics  of  the  circuits 
identified  above.  In  the  duration  of  this  task,  no  circuit  data  was  available 
qn  the  PDMK  and  TACAN/DME  transponders.  Therefore,  interference  thresholds 
for  these  equioments  still  need  to  be  investigated. 

Tenting  of  two  field  models  of  transponders  (i.e.,  AN/GRN-RC,  rtb-2) 
subjected  to  a  simulated  POME  interference  siqnal  was  carried  out  at  NAFEC  and 
reported  by  ECAC  (Reference  6).  The  results  of  this  testing  are  not 
inclusive.  However,  the  main  points  of  this  effort  are  summarized  below: 

1.  Category  1  interference  (cofrequency,  coaperture)  generates  more 
dead  time  in  the  receiver  compared  to  Category  2  (cofrequency,  out-of- 

•  aperature)  interference.  The  latter  primarily  effects  the  echo-suppression 
circuit.  Consequently,  Cateqory  1  interference  has  a  more  severe  impact  on 
transponder  reply  efficiency  as  compared  to  any  other  single  characteristic. 

1 7FAA-Ae-no,-31 ,  U.S.  National  Aviation  Standard  for  ie  VORTAC  System, 
in  June  in 70. 
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2 .  A  proper  channel  spacinq  is  the  most  effective  method  for 
maintaininq  the  reply  efficiency  performance  of  the  transponders  for  Cateqory 
3  and  Cateqory  4  Interference.  This  is  particularly  true  because  typical 
Front-end  staqes  (IF/Ferris  Discriminator)  in  the  transponders  are  of  wide 
bandwidth. 
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APPENDIX  G 

COCHANNEL  INTERFERENCE  BASIS  IN  MLS  ANGLE  EQUIPMENT 

The  angle  information  in  the  TRSR/MLS  equipment  is  determined  hy 
measuring  time  between  the  marker  points  on  the  "TO"  and  "FRO"  scanninq 
beans.  These  marker  points  (3  dB  down  with  reference  to  beam  peak)  are  made 
bv  the  dwell  gate  circuits.  This  situation  is  illustrated  in  FIGURE  G-1.  The 
ancle  measurement  ( 0 )  is  given  by: 

0  *  (Scan  Rate)  X  (Time  between  "TO"  and  "FRO"  beam) 

-  — jr  Tr  (G-1) 

where 

*  antenna  beamwidth  between  3  dB  points 
Tr  »  time  registered  by  the  clock  between  the  "TO"  and  "FRO" 
beams 

x  »  time  to  scan  the  beam  between  the  beamwidth  points. 

A  pessimistic  case  of  cochannel  interference  is  the  in-beam  interference 
to  the  scanninq  beam  signal,  the  interference  will  modify  the  scanning  beam 
shape  resulting  in  timing-error  due  to  shift  in  the  beam  centroid.  For  this 
analysis,  an  interference  of  amplitude  I  is  considered  a  perturbation  to  the 
scanninq  beam  signal  of  amplitude  S.  The  angle  error  (AO)  due  to  this 
oerturbation  is  expressed  as: 

A0  =  4-  A  T  (G-2) 

'  R 
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Appendix  G 


The  term  A  is  the  error  in  time  measurement  due  to  shift  in  the  beam 
centroid  because  of  interference.  It  can  be  related  to  the  beam  parameters  S, 
~  by  the  approximate  equations 


A  T 


28 


(G-3) 


From  Equation  G-2  and  G-3,  ' 


or 


s/i  ■  Vi  — ^ 
Wl  '2  ao 


(S/I)  -  20  log 

Power 


“1$  “  6  dB 


(G-4) 

oo 

Ratio 

The  ancle-error  term  AQ  in  Bquation  JM  is  associated  with  CMN  error  budqet 
specifications  of  the  MLS/C- Band  equipment.  This  equation  can,  therefore,  be 
used  for  cochannel  interference  anlaysis  to  a  first-order  approximation  for 
the  C-Band  equipment. 
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